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INTRODUCTION 
Transmissible enteritis, or "bluecomb", has been a major 
problem In the turkey Industry for many years. In 1951, 
Peterson and Hymas (76) stated that "Bluecomb ... is 
perhaps the greatest mystery malady of the poultry world." 
In 1967 this was probably still true. Yet in the Interim, 
transmissible enteritis had been one of the most important 
economic problems of the turkey industry, and had been 
studied by several groups of investigators. Pomeroy and 
his group at Minnesota had obtained information on the 
epidemiology and empirical treatment of the disease. Several 
candidate agents, including reoviruses and Vibrio spp. had 
been isolated from infected birds, but none reliably produced 
the disease when Inoculated back into poults. Many workers 
believed the true agent or agents had not yet been Isolated. 
The number of different types of agents causing a bluecomb 
syndrome in poults was quite unknown. It was believed that 
infected birds had no detectable specific lesions, and the 
pathophysiological aspects of the disease had not been 
studied. 
Dr. M. S. Hofstad commenced working on the disease at 
Iowa State University in I966. A major concern was to 
determine the validity of other work for transmissible 
enteritis as it occurred in the Midwest. He isolated a 
strain of transmissible enteritis from a field outbreak in 
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Iowa, and determined the characteristics of the agent in 
intestinal contents. 
A second strain was obtained from a field outbreak in 
Minnesota, and was used for the work in this thesis. Similar 
characterization work was to be undertaken on the Minnesota 
strain. These characteristics were to be used as a guide to 
the type of organism involved. 
Isolation of the agent was of paramount importance, and 
many methods were to be brought to bear on the problem. It 
was obvious that isolation attempts would have to be closely 
correlated with infectivity trials in poults, since no previous 
candidate agent had convincingly reproduced the disease in the 
Midwest. If an agent which reproduced the disease were iso­
lated, further characterization would be attempted. 
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REVIEW OP LITERATURE 
Peterson and Hymas (76) recorded having seen bluecomb in 
turkeys as early as 1944 on the west coast of the United 
States, but the disease did not become important in the Mid­
west until 1950. For the next 15 years, bluecomb was the 
most important cause of economic loss in turkeys in Minnesota 
(55), and probably in many other states as well. Truscott 
et al. (103) described the disease in Canada. A similar 
syndrome has also been observed in Australia by Adams^ but 
its transmission has not yet been demonstrated. 
Bluecomb is a general term for a syndrome in poultry in 
which a large part of the flock is simultaneously affected 
with depression, anorexia, and some signs of enteric disease. 
Transmissible enteritis is the name of a specific disease of 
turkeys caused by the agent under scrutiny in this study. 
The two terms are not interchangeable. Transmissible 
enteritis infection is responsible for at least some of the 
cases of bluecomb seen in turkeys in the field. 
Many workers have described the clinical and morpho­
logical changes seen in turkeys with bluecomb, and their 
observations are well summarized by Jungherr and Pomeroy (55)• 
The disease appears to affect most birds in a flock simulta-
^Adams, N. R. Iowa State University, Ames, Iowa. An 
enteric disease of young poults in Australia, Unpublished 
observations. I966. 
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neously, and morbidity Is very high. Mortality may be as 
high as 80^ in young poults, but is quite low in older birds. 
Birds appear depressed, and fail to eat or drink. Feathers 
become ruffled, and the birds are cold to the touch. They 
seek warmth, huddle in groups around the feeders, and chirp 
excessively. The litter becomes wetter than normal, and 
birds may show pasting around the vent. The droppings become 
green-brown, and contain excessive amounts of mucus and urates. 
In older birds the skin and head may become dark. Loss of 
weight is severe in adult birds, and following clinical 
recovery, difficulty is experienced in bringing the birds up 
to a marketable weight. Hens suffer a marked drop in egg 
production. 
Field evidence suggests that, once infected, birds become 
carriers of the agent for life, although they are immune to 
further clinical disease (94). The disease is not egg borne, 
and cannot be transmitted to chickens, Coturnix quail, or 
hamsters (49). Sieburth and Pomeroy (95) reported isolating 
an enteric agent from chickens which was pathogenic for 
chickens and turkeys, but stated that isolates of turkey 
origin did not infect chickens. Transmissible enteritis may 
be eradicated by depopulation and disinfection of infected 
premises, which should then be kept vacant for three months 
(55). It would appear that the main reservoir of infection 
is the carrier bird. 
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Post mortem examination of infected poults reveals 
dehydration and emaciation of the musculature. The intestines 
and ceca are flaccid and congested, and contain a tan colored 
fluid, mixed with gas. Petechial hemorrhages in the serosa 
are occasionally observed. In older birds, the pancreas may 
have small discrete white areas in it. The liver may be 
smaller than normal, and the gall-bladder enlarged, due to 
the depressed feed intake. Other organs are usually normal. 
Such a syndrome may be caused by Hexamita meleagridis, 
and this parasite should always be considered in a differential 
diagnosis. Salmonella infection may also contribute to the 
clinical picture. 
In 1953 Pomeroy and Sieburth (80) reported that activity 
of the agent could be reduced by overnight incubation with 
1000 I,U./ml penicillin or 10 mg/ml streptomycin, before 
inoculation into poults. Treatment of infected poults with 
a wide range of antibiotics reduced the severity of the 
disease. The agent did not pass a Berkefeld N filter, and 
they reported that the infective agent was restricted to the 
intestine. 
Further studies by Sieburth and Pomeroy (93) confirmed 
these results. The agent passed neither a Seitz EK filter, 
nor a sintered glass UP filter. They determined that some 
infectivity was present in the liver of affected poults. 
They were able to take the agent through 13 passages in the 
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yolk sac of the chicken embryo. The embryos suffered irregular 
mortality, and exhibited lesions of subcutaneous hemorrhage 
and stunted growth. Antibiotics reduced, but did not elimi­
nate, infectivity. They were unable to isolate any bacteria 
on normal bacteriological media, but Giemsa stains of infected 
yolk sacs revealed small cocco-bacillary forms suggestive of 
mycoplasmas. They summarized the properties of the agent as 
being: 
1) Larger than the filtrable viruses. 
2) Smaller than most intestinal bacteria. 
3) Susceptible to antibiotics. 
4) Labile in artificial media. 
5) Propagable in chicken embryos. 
In i960, an agent satisfying these criteria was isolated 
from infected poults in Canada by Truscott et.(103), using 
yolk sac inoculation of chicken embryos. The agent was lethal 
for embryos, giving lesions as described by Sleburth and 
Pomeroy (93). The agent in embryos was relatively resistant 
to antibiotics, although streptomycin and erythromycin delayed 
embryo death, and neomycin protected the embryos. The agent 
passed a filter with an average pore diameter (a.p.d.) of 
450 nm, but not a filter of 300 nm a.p.d., nor a Seltz EK 
filter. Material caused mortality in day-old poults when 
assayed at both the fifth and sixteenth egg-passage-levels. 
They were unable to observe any bacterium in stained 
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smears of yolk sac, but obtained growth of an organism on 
tryptose chicken blood agar under anaerobic conditions. In 
1964, Truscott and Morin (104) reported routine cultivation 
of this agent on fresh sheep blood agar plates under anaerobic 
conditions, and in brucella broth containing 0.1^ agar. The 
organism appeared to be a vibrio bacterium. After 12 passages 
in artificial medium, the agent caused 42^ mortality when 
Inoculated orally into day-old poults. Pathogenicity of the 
agent appeared to vary in different trials. Truscott (102) 
reported in I968 that the agent v;as more consistently patho­
genic if grown at a pH of 6.8 or below. 
In 1957 Sieburth and Johnson (92) working in Virginia, 
characterized an agent from bluecomb infected poults which 
appeared different from that previously described. The agent 
passed Berkefeld filters, and a Seitz EK filter. It was 
resistant to penicillin and oxytetracycline, and would not 
grow in the yolk sac of chicken embryos. The agent was 
labile, not infective for chickens, and restricted to the 
intestinal tract, although it was active when inoculated 
intraperitoneally. They suggested the agent was a virus, 
and proposed the name "transmissible enteritis" for the 
disease caused by this agent. 
In the same year, Tumlin e^ a^. (106) described a similar 
agent from bluecomb infected poults in Minnesota. The agent 
passed Selas 01, 02, and 03 filters, and also Berkefeld V, 
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N, and W filters, and a sintered glass filter. The agent 
did not pass a Seitz EK filter, possibly because of adsorption. 
They differentiated this agent from that previously studied 
at the University of Minnesota. 
Failure to grasp the significance of these two papers 
has led to much confusion in research on bluecomb. While 
Truscott in Canada has continued to study the disease which 
had been observed in the United States in 1953, workers in 
this country after 1957 have been isolating and studying an 
agent quite different from that studied previously. Since the 
name transmissible enteritis was proposed by Sieburth and 
Johnson (92) for the "viral" disease, it is proposed to call 
the disease studied by Truscott "vibrionic enteritis of 
turkeys". This has not been described in the United States 
since 1955, and appears to have been replaced by transmissible 
enteritis. 
After a period of 12 years, Deshmukh £t al. (21) again 
determined the characteristics of an agent isolated from 
birds with bluecomb in Minnesota. Their findings were similar 
to those of Tumlin et (106). The agent passed a 100 nm 
a.p.d. filter, was susceptible to chloroform, and labile at 
pH 3 and 50°C for one hour. Presence of magnesium chloride 
did not enhance heat stability. 
Hofstad et aj. (49) confirmed these results for a strain 
from Minnesota, and one isolated from an outbreak in Iowa. 
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However, in their experience, the agents did not pass a 100 nm 
a.p.d. filter, although the agents did pass a 220 nm a.p.d. 
filter. The agents were labile in the presence of 4.8^ 
chloroform and pH 3, and did not survive at 50°C for an hour. 
The two strains showed immunological cross protection. 
Neomycin, streptomycin and chlortetracycline appeared to 
affect the agent ^  vitro, but did not abolish infectivity. 
They were able to Isolate a vibrio bacterium from infected 
birds, but It was without pathogenicity for turkeys. 
Many attempts were made to isolate the transmissible 
enteritis agent In cell cultures. Sleburth and Johnson (92) 
were unable to propagate the agent In expiants of chicken 
embryo heart muscle, or In suspended fragments of chick 
intestinal tissue. Deshmukh e_t (21) isolated nine viruses 
from intestinal tracts of poults in different outbreaks of 
transmissible enteritis. They studied five of these and 
classified them as two reovlruses, two enteroviruses and one 
papovavirus. None of the viruses caused a clinical syndrome 
In poults, 
Pujisaki et aj. (39) also isolated reovlruses from out­
breaks of transmissible enteritis in Wisconsin. Material 
which had received three passages in cell culture was capable 
of causing significant mortality in inoculated poults, but 
after 7 serial passages in cell cultures, poult pathogenicity 
was not apparent, until the material received four subsequent 
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poult-to-poult passages. Further serological and patholog­
ical studies on turkey reovlruses In Wisconsin convinced 
Klng^ that the reovlruses did not have a primary role in the 
etiology of transmissible enteritis in that state. The 
reovlruses Isolated were resistant to pH 3 and heat, unlike 
the transmissible enteritis agents described in adjoining 
states. 
Wooley and Gratzek (112) also isolated viruses from five 
outbreaks of bluecomb in Georgia. They characterized these 
as reovlruses, by their resistance to chloroform, growth in 
the presence of fluorodeoxyuridine, and appearance on electron 
microscopy. Their published results on pathogenicity cannot 
be Interpreted, since the poults were suffering a concomitant 
outbreak of Salmonella derby infection. Wooley^ has stated 
that virus purified by plaque-picking can cause significant 
lesions and mortality in poults. The characteristics of the 
agent described in Minnesota and Iowa are quite different 
from those identified with reovlruses, particularly the 
lability to chloroform, heat and pH. It is possible that the 
Georgia workers are dealing with yet another disease entity. 
The histological lesions of vlbrionlc enteritis of 
^King, D. Department of Veterinary Science, University 
of Wisconsin, Madison, Wisconsin. Epidemiology of turkey 
reovlrus infections. Personal communication. 1970. 
^Wooley, R. School of Veterinary Medicine, University 
of Georgia, Athens, Georgia. Pathogenicity of reovlruses 
for turkey poults. Personal communication. 1970. 
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turkeys were studied by Hilton (47). He observed nonspecific 
lesions in most visceral organs, and lymphocytic infiltration 
of the adrenal. Intestinal lesions were described as a 
catarrhal enteritis with an intralumenal accumulation of 
round cells. Infection was accompanied by an increase in 
circulating blood monocytes, 
Adams e;t (2) studied the lesions of transmissible 
enteritis. Lesions were restricted to the Intestinal tract, 
and were most severe in the jejunum. They noted that 
intestinal goblet cells Increased markedly in number during 
the first 48 hours post-infection, and then decreased to 
fewer than normal. The epithelial cells underwent cloudy 
swelling, and shortening of the microvilli. Nuclei appeared 
pseudostratified. Argentaffin cells decreased in number and 
granularity, until day 7 post-infection, then slowly returned 
to normal. Edema occurred in the lamina propria, which became 
infiltrated by heterophil granulocytes by day 4 post-inocula­
tion. The villi became increasingly infiltrated with 
lymphocytes, and thus appeared shorter and thicker. Schultz 
et al. (89) observed that the blood monocyte response noted 
by Hilton (47) for vibrionic enteritis of turkeys, is not 
seen in transmissible enteritis. They found a relative 
heterophilia and lymphopenia on day 2 to day 5 post-inocula­
tion. Similar results were observed in transmissible 
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enteritis by Adams e^ al.^ 
Studies on the ultrastructural changes in transmissible 
enteritis by Adams et al^.^ indicate that in addition to 
shortening of the microvilli, there is considerable damage to 
mitochondria and to the mucin secreting apparatus. Cell 
damage appeared limited to the epithelium. 
Tumlin and Pomeroy (105) studied the serological response 
of turkeys infected with transmissible enteritis. Serum 
neutralizing ability of a recovered serum on intestinal 
contents disappeared beyond a 1/4 dilution of serum. There 
was no evidence that recovered hens conferred any parental 
immunity on their poults. Recovered birds, however, appeared 
solidly immune to further clinical disease (94, 49). Local 
resistance phenomena in the intestine are probably very 
important in this disease. 
Investigations into the pathophysiology of transmissible 
enteritis have indicated there is a marked reduction in feed 
and water intake (31) which is accompanied by a lack of 
intestinal motility and function (26). Most clinical signs 
observed were directly referable to the decreased feed 
intake. Duke et. (28) have shown that dry matter intake 
decreased at 28 hours post inoculation, while gastro-
^Adams, N. R., Ball, R. A., Annis, C. L. and Hofstad, 
M.S. Ultrastructural changes in transmissible enteritis 
of turkeys. Unpublished paper, in preparation. Ames, Iowa, 
Iowa State University. 197I. 
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intestinal transit times were not decreased until day 2 post 
inoculation. Thus the intestinal tract was empty in birds 
examined by day 3. The relationship between the reduced 
numbers of argentaffin cells, noted by Adams e_t a^. (2), and 
the reduction in motility, has not been examined. 
Argentaffin cells contain serotonin, a substance capable 
of affecting intestinal motility. Investigations in this 
area may have therapeutic significance. 
Dziuk e;^ aj. (31) noted that affected birds did not have 
an increased loss of water from the intestine. The birds 
appeared to have a watery diarrhea because the solid matter 
content of the feces was markedly reduced. They showed that 
infected birds were in a negative balance for Na"*", K"^ and 
Cl^, but later demonstrated (30) that this was wholly 
dependent upon the reduction in feed intake. However, Duke 
et al. (25) showed that infected birds did indeed have 
decreased intestinal transport efficiency for Na"*", Cl"^ , 
glucose and water. Forced feeding experiments (29) indi­
cated that infected birds may not be able to utilize 
nutrients which were present in the intestinal lumen. Later 
work (27) proved that feed metabolizability was indeed 
decreased. The reduction in microvilli noted by Adams ejb al. 
(2) would imply a degree of malabsorption, since most enzymes 
involved in terminal digestion and absorption are localized 
in the microvilli of the intestinal epithelial cells (17)• 
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No specific treatment for transmissible enteritis is 
known, but supportive and replacement therapy is often 
useful. Due to the reduced feed and water intake, it is• 
difficult to achieve adequate levels of medication in the 
birds. Jungherr and Pomeroy (55) have suggested that calf 
milk replacer, or electrolytes in the water, may reduce losses. 
Increased warmth, dry litter, and easy access to feed and 
water supply is most important. 
Antibiotic treatment has given inconsistent results, even 
on the same farm. Early work, probably on the treatment of 
vibrionic enteritis, suggested that penicillin, streptomycin, 
and oxytetracycline were all effective in reducing mortality 
(77, 80). 
Truscott e^ (103), showed the vibrio isolated in 
Canada was resistant to all antibiotics tested except neomycin. 
Sieburth and Johnson (92) showed that oxytetracycline in the 
drinking water may lessen the severity of the clinical 
disease, even though the agent itself was resistant to the 
action of oxytetracycline ^  vitro. It has been shown that 
the intestinal flora change during transmissible enteritis 
infection (73), and it would be expected that any oral anti­
biotic would further affect the balance of the flora in the 
intestine. It would be difficult to predict whether this 
change would be beneficial to the poult, so one might expect 
erratic results with antibiotic treatment. 
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Hemorrhagic enteritis is another intestinal disease of 
turkeys caused by an incompletely characterized agent which 
passed a 220 nm filter (45). The disease was first described 
by Pomeroy and Penstermacher in 1937 (79). They described 
histological lesions similar to those seen in severe cases 
of transmissible enteritis. The agent infects all birds in 
a flock, but only a ^mall percentage show clinical signs of 
massive intestinal hemorrhage and death. The lesions 
described by Gross (44) were far more severe than is ever 
seen in transmissible enteritis. Subclinically affected birds 
have a significant serological response (71), in contrast to 
transmissible enteritis. 
Moyer (71) suggested that a heat-resistant anaerobic 
bacterium was the etiologic agent, but this has not been con­
firmed. Gale and Wyne (4l) showed that vibrio bacteria were 
not important. Gross and Moore (45) reported that the agent 
of hemorrhagic enteritis could be propagated on artificial 
media^ in association with a streptococcus, and suggested the 
agent might be a bacteriophage. They isolated a strepto­
coccus from the intestine of an Infected bird, which was 
agglutinated by serum from recovered birds, and was appar­
ently contaminated with a filtrable agent. The agent was 
maintained vitro for 2 years with constant passaging of 
this streptococcus. Fraser (35) reported recovering 
unhealthy [sic] colonies of streptococci from the intestine 
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of turkeys suffering from hemorrhagic enteritis, but he did 
not attempt any transmission experiments. 
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MATERIALS AND METHODS 
Source of Agent 
A strain of transmissible enteritis isolated from a field 
outbreak in Minnesota was kindly supplied by Dr. C. T. 
Larsen^; as frozen whole intestine. This material was thawed, 
ground up in nutrient broth, and inoculated orally into 
poults. After several days, poults were killed, and the 
contents of their intestines removed and diluted with an 
equal volume of phosphate buffered saline. After centri-
fugation at 1700 x G for 10 minutes, the supernatant fluid 
was inoculated orally into poults. The agent was passed in 
poults approximately every seven days for the next three 
years, so that a source of the agent was always readily 
available in poults. Survival of the agent at -65°C was not 
consistent enough for frozen material to be a reliable source 
of inoculum. 
Infected birds invarably reduced their feed and water 
intake by the third day post-inoculation. Such birds appeared 
depressed and did not attain normal body weight gains, but 
death was very uncommon under laboratory conditions. The 
hocks of infected birds felt cold when grasped. 
Stock inoculum was streaked occasionally on MacConkey 
department of Veterinary Microbiology and Public 
Health, College of Veterinary Medicine, University of 
Minnesota, St. Paul, Minnesota 55101. 
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medium plates to detect Salmonella spp., but these were never 
found. Direct microscopic examination was used to confirm 
the absence of coccidial oocysts and Hexamlta meleagridls. 
The stock inoculum was occasionally passed through a 220 nm 
a.p.d. membrane filter^ to remove extraneous bacteria. 
For Inoculation of embryos, cell cultures and culture 
media, the suspension of intestinal contents was further 
purified by centrifuging at 87OO x G for 10 minutes. The 
supernatant fluid was passed successively through 65O nm and 
220 nm a.p.d. filters to remove contaminating bacteria. 
Experimental Animal Systems 
All the avian embryos used were acquired from the chicken 
and turkey flocks at the Veterinary Medical Research Institute, 
Iowa State University. These flocks have been regularly 
tested and found to be free of known species of mycoplasmas. 
Serological evidence suggests they were also free of many 
other pathogens, including Newcastle disease virus, avian 
encephalomyelitis virus, infectious laryngotracheitis virus, 
influenza A virus. Infectious bronchitis virus. Salmonella 
pullorum, and Salmonella typhimurlum. Neither flock had ever 
undergone a clinical episode of bluecomb. 
Inoculation of embryos into the yolk sac or allantoic 
sac followed the normal methods (6). Amniotic sac inocula-
^Millipore Filter Corporation, Bedford, Massachusetts. 
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tion was effected by drilling aronnd and aseptically removing 
the shell over the air cell. The exposed membranes were 
swabbed with sterile mineral oil, and 0.3 ml of inoculum was 
Injected as close to the embryo as possible, through a 1-inch 
22 gauge needle. In some experiments, the embryos were also 
inoculated with antibiotics. The antibiotic solution was 
injected into the allantoic sac, as far as practicable from 
the site of inoculation with the transmissible enteritis agent. 
The shell was capped with a shortened paper cup which had been 
dipped in a hot mixture of 80^ paraffin and 20^ beeswax. 
Some of the poults used came from the Veterinary Medical 
Research Institute turkey flock. Others were purchased as 
day-old poults from one of several local hatcheries. All 
poults came from parent flocks which had a history of freedom 
from bluecomb. The poults were not given the customary 
injection of vitamins and antibiotics when day-old. 
Poults were raised in electric battery brooders on a 
commercial turkey starter feed available libitum. The 
feed did not contain any antibiotics or growth stimulants. 
Poults were reared in isolation by a separate caretaker for 
one to four weeks, at which age they were used for experi­
mental purposes. 
The only reliable method for detection of the trans­
missible enteritis agent was the titration of the experi­
mental material in turkey poults. Consequently this system 
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was used extensively during these studies. Poults were 
kept in modified Horsfall-Bauer stainless steel isolation 
units (Figure 1). These units were fitted with individual 
filtered air intakes and outlets (Figure 2), and were kept 
under negative air pressure. Feed and water could be 
supplied through small vents fitted with stoppers. Fourteen 
such units were available for use. 
After each trial, cages were scrubbed in warm soapy 
water, and hosed down. The feed, water and wire floors were 
soaked in hot lye solution, and rinsed in water. The units 
were thoroughly dried before assembly. This cleaning pro­
cedure gave effective decontamination, provided that it was 
done thoroughly, and normal hygienic procedures were observed. 
Cross contamination was never a problem. 
Poults aged between one and four weeks were used in 
groups of four. Groups were weighed, inoculated orally with 
the material to be tested, and placed in an isolation unit. 
The daily feed and water intake was observed. Clinical signs 
of transmissible enteritis infection include a depression in 
feed and water intake by the third day post-inoculation, and 
a subnormal temperature, which could be determined by feeling 
the hocks of the birds. After three to seven days, poults 
were killed and weighed. The weight gains of the test group 
were compared with the gains of both negative and infected 
controls as a means of recording the presence of infection. 
Figure 1. Three of the modified Horsfall-Bauer isolation 
units used in this study, shown fully assembled 
Figure 2. The interior of a modified Horsfall-Bauer isola­
tion unit, showing feed and water cans, viewing 
windows, and the air intake and outlet 
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Weight gain records were interpreted in the light of the 
clinical signs observed. 
Procedures of Light and Electron Microscopy 
Portions of small intestine from embryos or poults were 
fixed for histological examination in formal-sublimate-acetate 
(70). Sections were stained with hematoxylin and eosin or by 
the periodic-acid-Schiff method, with hematoxylin counter 
stain, as described in the U.S. Armed Forces Institute of 
Pathology Manual of Histologic and Special Staining Technics 
(109). 
Frozen sections were made from the intestines of some 
embryos. Small pieces of freshly harvested intestine were 
placed in O.C.T.^ compound in small plastic dishes cut from 
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serological plates . The dishes were floated in iso-pentane, 
which was surrounded by liquid nitrogen. After freezing, the 
specimens were stored at -70°C. Sections were cut at 6 um 
3 thickness with a model CTI International cryostat. Sections 
were placed on glass slides. Those to be stained with Giemsa, 
or the modified Giemsa stain of Marmion and Goodburn (65), 
were fixed for 10 minutes in absolute methanol. Sections to 
be stained with acridine orange were soaked for 10 minutes 
^Ames Co., Elkhart, Indiana. 
^Model PB48; Linbro Chemical Co., Inc., New Haven, 
Connecticut. 
3International Equipment Co., Needham Heights, 
Massachusetts. 
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In 0.15 M NaCl. 
Portions of the intestine used for electron microscopy 
were collected as soon as possible after the bird was killed. 
Tissue was cut into 1 cu mm pieces and fixed for 1 hour at 
4°C in 2.50 glutaraldehyde in Millonig's buffer (66). The 
tissue was washed three times and then stored in Millonig's 
buffer. Preparation of specimens followed the normal methods. 
Tissue was post-fixed in 1^ osmium tetroxide and dehydrated 
in a graded series of ethanol-water mixtures. Propylene 
oxide was used as a transitional solvent. Some tissue was 
embedded in Maraglas", and sections cut with glass knives. 
Other material was embedded in epon, and sectioned with a 
diamond knife. 
Sections were stained with lead citrate and uranyl 
2 
acetate, and examined with either an Hitachi HS-6 or an 
O Q 
Hitachi HS-8 , or an RCA EMU 3P electron microscope. 
Preparations to be studied by negative staining were 
obtained by washing the dissected intestines from three 
infected turkey embryos in a few milliliters of phosphate 
buffered saline. The fluid was centrifuged at 8,700 x G 
for 10 minutes, and the supernatant fluid was removed, and 
centrifuged through a column of 25^ sucrose, onto a pad of 
^Marblette Corporation, New York, New York. 
^Hitachi, Limited, Tokyo, Japan. 
%adio Corporation of America, Camden, New Jersey. 
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60^ sucrose, in a Beckman centrifuge using a SW39 head at 
73,000 X G for 90 minutes. Fluid from the interface of the 
25^ and 60^ sucrose was removed with a syringe and recentri-
fuged at 51,000 X G for 45 minutes. The supernatant fluid 
was poured off, and the precipitate washed and resuspended 
in 0,1 ml of distilled water, with gentle stirring. 
A drop of this solution was placed on a carbon coated 
grid for 2 minutes before being removed. A drop of neutralized 
2.% sodium phosphotungstate was then placed on the grid for 2 
minutes, and removed with absorbent paper. The grid was 
Immediately examined with Hitachi HS-8 electron microscope. 
Production of Gnotobiotic Birds 
Two gnotobiotic Isolators were constructed, based on the 
design of Reynlers e^ a^. (83). Glass battery jars, of radius 
15 cm and 30 cm deep, were fitted with galvanized iron tops, 
each of which contained three inlets. Two gaskets of air 
filter material were placed between the lid and the jar, and 
the lids were held in place by broad adhesive ducting tape 
(Figure 3). 
The inner surface of the bottom of the jar was covered 
with stout paper, and a piece of 3/8 inch steel netting 
shaped to fit, was placed over this. A layer of commercial 
turkey starter feed about 1 cm deep was placed on this. An 
open glass jar, 3 cm deep and 3 cm in radius was taped in 
position under the water inlet. Air from a compressor was 
Figure 3. Two gnotobiotlc bird isolators containing turkey 
poults. The air supply and outlet, and the 
watering apparatus, may be distinguished 
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filtered through a tube 3.5 cm in radius and 17 cm long, 
which was loosely packed with plugging cotton, and then 
passed to one of the inlets in the isolator by rubber tubing. 
Air passed out through the third inlet of the isolator, which 
v/as connected by rubber tubing to a short piece of glass 
tubing filled with plugging cotton. Some air also passed 
out through the gaskets. 
The water supply apparatus was a two liter flask fitted 
with a rubber stopper with two holes. Through one hole 
passed the short glass tube connected to the inlet of the 
isolator over the water jar. A long glass tube passed 
through the other hole, to let air into the water flask. 
The free end of this tube was plugged with cotton. Inversion 
of the flask allowed water to pass into the isolator. 
Following assembly, the Isolator and water supply were 
autoclaved separately, at 15 Ibs/sq in pressure for 30 
minutes. The open ends of the tubing were sealed with 
masking tape. The lid of the isolator was left ajar. After 
cooling, the lid v;as placed on the isolator, which was then 
placed in a sealed hood fitted with rubber glove ports. 
Between 6 and 8 clean 27-day-old turkey embryonating 
eggs from the Veterinary Medical Research Institute flock 
were dipped in a 2^ solution of mercuric chloride at 37°C 
for 5 minutes, and were then placed in the isolator. The 
isolator was fumigated with formaldehyde for 15 minutes. 
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inside the hood. The formaldehyde was removed by a fan and 
the lid was fitted onto the isolator and fastened down with 
adhesive tape. The isolator was removed from the hood, 
placed in a 37°C incubator, and the air and water supply 
was connected, using aseptic technique. 
After hatching, poults were left in the isolator for up 
to seven days. Birds were infected with transmissible 
enteritis via the water supply, as soon as the maximum hatch 
was reached. Intestinal contents from poults infected with 
the Minnesota strain of transmissible enteritis were diluted 
with an equal volume of phosphate buffered saline, and centri-
fuged at 8,700 X G for 10 minutes. The supernatant fluid was 
passed through sterile 450 nm and 220 nm a.p.d. filters as 
described previously. The filtrate was placed in a 10 ml 
syringe fitted with a 22 gauge needle. It was inoculated 
into the rubber tubing of the water supply system, and flowed 
into the water container. 
At the end of an experiment, poults were decapitated 
with sterile scissors. Swabs were taken of the feed, the 
water and the poults' feathers. The intestines were removed 
and opened aseptically, and swabs taken at various places. 
Portions of intestine were fixed in formal-sublimate-acetate 
(70) for histological examination. Six smears were made 
from each poult at different levels of the intestinal tract. 
Smears were fixed in absolute methanol for three minutes and 
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then stained for 4$ minutes with Giemsa stain diluted 1 in 20 
Sorensen's phosphate buffer at pH 7.2. Each smear was 
examined thoroughly by light microscopy at a magnification of 
970 X with oil immersion. 
Remaining portions of the intestine were ground in 
phosphate buffered saline, and inoculated orally into con­
ventional poults to determine infectivity. Swabs were 
1 2 inoculated into tryptose phosphate broth , brucella broth 
with 0.1$^ agar and into thioglycollate broth . Swabs were 
also streaked onto blood agar plates, and onto mycoplasma 
plates containing 15^ swine serum and 0.01^ nicotinamide 
adenine dinucleotide (NAD) and 0.01# cysteine, as described 
by Prey e^ (37). Plates were incubated aerobically and 
anaerobically, and all materials were incubated for at least 
7 days. 
Material from some swabs was inoculated into the yolk 
sac of 7-day chicken embryos. 
Phage Isolation 
Techniques of phage isolation followed those described 
by Adams (l). The medium used was: 
^Difco Laboratories, Detroit 1, Michigan. 
^Albimi Laboratories, 35-22 Linden Place, Flushing 54, 
New York. 
^Baltimore Biological Laboratory, Division of B-D 
Laboratories, Inc., Baltimore, Maryland. 
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tryptose phosphate broth 2.95 g 
yeast autolysate^ 0.33 g 
CaCl2*H20 16.00 mg 
distilled water 100 ml 
2 To make plates, 1.5 g Purified agar was added to the 
above. A basal layer was poured into the plate and allowed 
to harden. Agar medium was autoclaved for 15 minutes and 
then held at 48°C in a waterbath. A filtrate of infective 
intestinal contents, and 0.3 ml of a rapidly growing culture 
of Streptococcus fecalis, was added to 15 ml of medium, 
which was poured over the basal layer. The plate was examined 
for plaques 12 hours after preparation. 
Since some phages will not grow well on plates, 
attempts were made to detect phages in broth cultures. Ten 
ml of the above medium, without agar, was inoculated with 
0.1 ml of 300 nm filtrate of infective intestinal contents 
and 0.1 ml of a rapidly growing culture of Streptococcus 
fecalls. A control tube inoculated with only Streptococcus 
fecalis was also prepared. The turbidity of the two tubes 
was followed over a period of 8 hours with a nephelometer. 
Cell and Organ Culture 
Most trials were run on primary turkey or chicken embryo 
kidney cells. 
^Albimi Laboratories, 35-22 Linden Place, Flushing 5^j 
New York. 
^Difco Laboratories, Detroit 1, Michigan. 
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Glassware used in cell culture procedures was subjected 
to a thorough cleaning process before use. Dirty utensils 
were soaked and scrubbed in 7 X detergent^, and then taken 
through a series of three stainless steel containers, with 
three rinses of water in each separate container. During 
the first rinse, the water was heated to 70°C. The water 
used was purified by passage through a mixed-bed resin ion 
exchange column. During the final rinse, the water was heated 
to 90°C, and tested to ensure an electrical conductivity of 
less than 0.1 ppm Nad equivalents. The glassware was oven 
dried, wrapped in foil as appropriate, and sterilised at l60^C 
dry heat for 3 hours. 
Water used for cell culture media was supplied from two 
sources. Some water was triple distilled, with a glass 
electrode in the third and final still. Other water was 
obtained from an ion exchange apparatus. 
Cells were routinely grown in a medium of Minimum 
essential medium (Eagle) containing in addition, 100,000 
I.U./L penicillin, 50 mg/L streptomycin and IC^ fetal bovine 
serum. In maintenance medium, the serum was reduced in 
concentration to 1^, or replaced by 0.2^ bovine serum 
albumin. 
^Linbro Chemical Co., Inc., New Haven, Connecticut, 
^Grand Island Biological Company, Grand Island, New 
York. 
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For some experiments requiring a medium with a low redox 
potential, the above medium was supplemented with 10 g/L 
dextrose, 5 g/L lactalbumon hydrolysate, 50 mg/L ascorbic 
acid, 100 mg/L cysteine and 100 mg/L NAD. This modification 
was described by Daniels e_fc (19). 
Kidneys were removed aseptically from turkey embryos 
aged between 20 and 28 days, and from chicken embryos aged 
between 15 and 21 days. Tissue was minced with forceps, and 
gently agitated in 10 ml of 0.05^ trypsin and 0.01^ EDTA in 
the enzyme diluting solution described by Rlnaldinl (85). 
The solution was drawn off and replaced every 5-10 
minutes for four cycles. Growth medium was then added to 
the cell suspension, which was filtered through four layers 
of cheesecloth, and centrifuged at 1000 x G for 10 minutes. 
The pellet of cells was resuspended in growth medium to a 
dilution of 1 in 400 v/v, and dispensed into dishes or tubes. 
Cells were incubated at 37°C in an atmosphere containing 50 
COg. Vlhen the monolayer was complete, the growth medium was 
replaced with maintenance medium. 
Two types of organ cultures were prepared. The first 
method was a modification of that described by Hoorn (50) 
for tracheal organ cultures. Plastic tissue culture dishes^ 
were flooded with medium, and four small areas on the bottom 
^Falcon Plastics, 195O Williams Drive, Oxnard, 
California 93030. 
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of the dish were roughened with the point of a scissors. The 
medium and plastic scrapings were removed and short segments 
of embryonic intestine placed on the roughened areas. The 
intestinal segments were split longitudinally with a sharp 
scalpel blade, so that the two halves of the gut fell apart, 
exposing the undamaged villi. Minimum essential medium 
(Eaglewas added to the dish until the organ segments were 
almost covered. 
Other organ cultures were made for more anaerobic con­
ditions. The modification of Minimum essential medium 
(Eagle's) described by Daniels e^ a^. (19) was used, with 10^ 
fetal bovine serum. The pH of the medium was lowered by 
bubbling COg through. Intestinal tracts from infected turkey 
embryos aged between 23 and 28 days were opened with fine 
scissors, and then cut into small pieces, taking all reasonable 
care not to damage the villi. Twelve milliliters of medium 
was placed in screw cap tubes, 15 mm x 125 mm, and the 
intestinal segments placed in this. The tubes were Incubated 
on a roller apparatus at 37°C. 
After three days, neutral red at a level of 1/40,000 
was added to the medium, and the cultures incubated another 
24 hours. Uptake of neutral red indicated excellent survival 
of the tissue in modified medium, but total cellular death 
^Grand Island Biological Company, Grand Island, New 
York. 
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in the unmodified Eagle's Minimum essential medium. Similar 
experiments with intestinal organ cultures made by Hoom's(50) 
method also suggested the modified medium promoted much 
better survival of the tissue than either normal Eagle's 
Minimum essential medium or Stenhouse's (100) modification 
of Minimum essential medium, which he suggested for culture 
of intestinal segments. 
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RESULTS 
Use of Gnotobiotic Birds 
Thirteen groups of eggs were hatched in trials to produce 
gnotobiotic poults. Hatchability was about 50^. In several 
cases, poults appeared to be weakened, since they pipped 
normally but were unable to complete the hatching process. 
Our inability to control the humidity satisfactorily may have 
contributed to the poor hatchability. 
Six of the groups were left as negative controls, and 
of these, two groups became contaminated, one with a coliform, 
and the other with a Gram positive aerobic bacillus. Five 
of the seven challenged groups were colonized by bacteria. 
Two of these were infected with nonhemolytic streptococci, 
one with a viridans streptococcus, one with a Gram positive 
bacillus, and one with both a streptococcus and a diphtheriod 
organism. All of the streptococci isolated grew at pH 9.6 
and in 6.5^ sodium chloride, indicating they were of 
intestinal origin. In two groups, no bacteria could be 
detected. 
Giemsa stained smears taken at various levels of the 
intestine revealed organisms in all cases in which bacteria 
were isolated on culture medium. Such bacteria were 
morphologically similar to those isolated, and were always 
most common in the lower part of the Intestinal tract. 
Intestinal smears from birds which were negative on culture 
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occasionally had coccal or bacillary forms. These were very 
rare, and were probably dead bacteria which had been in the 
feed when it was autoclaved. No vibrio shaped organisms 
were seen at any stage. It was impossible to distinguish 
any elementary bodies or other bacterial forms. 
Clinical signs alone were not a reliable guide to the 
presence of transmissible enteritis in birds which were 
otherwise germ free. Poults which were contaminated by 
bacteria as well as transmissible enteritis appeared more 
depressed than birds suffering from transmissible enteritis 
alone. These impressions were confirmed by the gross and 
histopathological examination of the intestines from affected 
birds. Lesions in birds infected with transmissible enteritis 
agent and a bacterium were more severe than those in birds 
with transmissible enteritis alone, but less severe than 
those seen in conventional birds. 
Eggs were weighed before being placed in the gnotobiotic 
chamber, and the poults and unhatched embryos were weighed 
at the termination of the experiment. Infected groups lost 
more weight than control groups, but this was not a very 
specific method for detecting infection with transmissible 
enteritis agent. Presence of infection could be detected 
reliably by inoculating conventional poults per os with 
intestinal material from gnotobiotic birds, and observing 
the affect on weight gain. Histological examination of the 
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intestine was also a reliable guide to the presence of 
transmissible enteritis agent infection in gnotobiotic birds. 
Lesions were similar to those described elsewhere (2). Every 
attempt to infect gnotobiotic birds with transmissible 
enteritis via the water route was successful. 
Survival of the Transmissible Enteritis Agent 
in vitro at 37°C 
Survival of pure preparations of the transmissible enteritis 
agent 
A 450 nm filtrate of ground infective turkey embryo 
intestine was placed in 100 volumes of tryptose phosphate 
broth and incubated at 37°C. It was assayed at various 
intervals in poults. Infectivity remained present for 6 
hours (Table l). Experiments using undiluted infective 
intestinal contents gave similar results. 
Influence of intestinal bacteria on survival vitro of the 
transmissible enteritis agent 
About 0.01 ml of infective intestinal material was 
inoculated with a bacteriological loop into 10 ml of tryptose 
phosphate broth which contained 0.075/^ thallium acetate, and 
incubated overnight at 37°C. This was infective for turkey 
poults (Table 2). A smear of the broth was stained, and 
seen to contain only Gram positive cocci. 
Areas from the small intestinal mucosa of an uninfected 
bird were sampled with an inoculating loop and streaked on 
a blood agar plate. Three streptococcal colonies, differing 
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in their hemolytic pattern, were isolated and grown in broth. 
Three tubes containing 10 ml of tryptose phosphate broth were 
inoculated respectively with 0.1 ml of the broth cultures 
of the streptococci. After one hour, each tube received 
0.3 ml of a 300 nm filtrate of infective intestinal contents. 
After overnight incubation, the tubes were assayed in turkeys. 
Only one was infectious (Table 3). 
The streptococcus used in the infectious tube had the 
following biochemical reactions ; 
dextrose: + sorbitol: + 
lactose: + trehalose; + 
mannitol: + raffinose: 
salicin: + maltose: + 
esculin: + glycerol: + 
sucrose : + inulin; 
+ indicates formation of acid. 
- indicates no reaction. 
Litmus milk was acidified, clotted, and reduced. 
Gelatin was liquefied. 
The organism grew at pH 9.6 and in 6.5^ NaCl in tryptose 
phosphate broth. 
An extract of the organism gave a moderate precipitate in a 
capillary tube, using antiserum against Lancefield's Group D 
antigen. 
These reactions are typical of Streptococcus fecalis. 
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This bacterium was used in further experiments. 
It was found that results were more consistent, and 
infection more severe if the broth was boiled briefly, and 
allowed to cool before inoculation with the streptococcus 
and infectious material (Table 4). Infectivity consistently 
survived 18 hours incubation at 37°C in preboiled medium 
with the streptococcus. It was noted that the streptococcus 
reduced tetrazolium within 5 hours in unboiled medium, and 
within 3 hours in preboiled medium. 
Attempts were made to passage the agent of transmissible 
enteritis in association with the streptococcus. A strepto­
coccus culture was inoculated with transmissible enteritis 
agent, and after overnight incubation, 0.1 ml was subinocu-
lated into 10 ml of tryptose phosphate broth. This was 
incubated for a further l8 hours and then inoculated into 
poults. In another experiment a culture of streptococcus in 
the early log phase of growth was inoculated with a 220 nm 
filtrate from a previously infected streptococcus culture 
which had been incubated overnight. No attempt was success­
ful, as judged by poult inoculation. 
Bacteriophage experiments 
The enhancement of survival of a filtrable agent by a 
bacterium suggested that a bacteriophage might be involved. 
Experiments were carried out to isolate bacteriophages 
present. 
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Streptococci were isolated from the intestine of infected 
poults on blood agar plates. Colonies were isolated onto 
other blood agar plates, and the bacteria tested for 
agglutination in the presence of serum from both recovered 
and control birds. Over 60 strains of streptococci were 
tested, but none showed significantly better agglutination 
in the positive serum. Some of the streptococci which showed 
slight agglutination were grown in broth and inoculated into 
poults, but none produced signs of transmissible enteritis. 
Using the Streptococcus fecalis previously isolated, 
four bacteriophages with different plaque types were isolated 
from infective intestinal contents. One isolate formed small 
plaques, one formed large distinct plaques, one formed large 
diffuse plaques, and one grew only in broth culture. All 
were inoculated into groups of poults, together with the 
streptococcus, but none caused signs of transmissible 
enteritis. 
Investigation of factors required for enhanced survival in 
the absence of bacteria 
An attempt was made to obtain enhanced persistence in 
the absence of the streptococcus, ly^coplasma broth (37) 
was used as the basic medium in these experiments, but other 
media, such as brucella broth^ or tryptose phosphate broth^, 
lAlbimi Laboratories, 35-22 Linden Place, Flushing $4, 
New York. 
^Difco Laboratories, Detroit 1, Michigan. 
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were satisfactory substitutes, as basal medium, for maintain­
ing infectivity overnight. Very many fruitless trials were 
carried out, using different additives to assist overnight 
survival of the transmissible enteritis agent. Cysteine at 
0,01^ with nicotinamide adenine dlnucleotide (NAD) at 0.01^ 
were found to promote overnight survival (Table 5)^ probably 
by acting as reducing agents. The acidity was also critical 
to survival, and persistence of infectivity over l6 hours 
only occurred between pH 5-5 and pH 6,0 (Table 6). It was 
noted that the pH of an 18 hour culture of Streptococcus 
fecalis in tryptose phosphate broth was 5-90. 
Serum was also necessary for overnight persistence of 
infectivity in the absence of the streptococcus. Rabbit 
serum at 5^ v/v was most effective and turkey, swine or 
rabbit serum at 10^ v/v appeared partially effective, while 
10^ horse serum, or greater amounts of any serum, was lethal 
(Table 7). 
Addition of a mince of the intestine from either turkey 
or chicken embryos aided overnight survival (Table 8). A 
220 nm filtrate of tryptose phosphate broth in which 
Streptococcus fecalis had grown overnight, was used at a 
level of 5^J but its value was never proven. 
Many other additives were used in separate trials in the 
hope of promoting multiplication of the transmissible 
enteritis agent, since it was thought to be a bacterium at 
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this stage of the investigation. Additives to the basal 
system described previously included 5/^ of a filtrate of 
feces from uninfected poults, 1 mg/ml catalase, 30 ug/ml 
thymic nucleic acids, 10 ug/ml cholesterol, 2.5 mg/ml 
maltose, 5 ug/ml sodium desoxycholate, 1 mg/ml butyrate, 
2.5 mg/ml guanine, 2.5 mg/ml uric acid, 0.01 mg/ml 
menadione, 0.01 mg/ml hemin, 50 mM arginine, and also Eagle's 
essential amino acids at single strength. None of these 
additives substantially increased the infectivity of material 
when inoculated into poults, 
Titration of inoculated medium in poults after l8 hours 
at 37°C indicated that dilutions of up to 10~5 of original 
intestinal material, were infectious. This was noted 
particularly if essential amino acids, or menadione, were 
added to the medium. In no case, however, was it possible to 
demonstrate multiplication of the transmissible enteritis 
agent in the survival media being tested. Even with the 
best media, occasional unexplained failures to maintain 
infectivity overnight occurred, suggesting that there was 
still an unknown factor to be taken into account. 
Characteristics of the Transmissible Enteritis Agent 
Bird-agent relationships 
In many trials the titer of the transmissible enteritis 
agent in the intestinal contents was found to be 10^ turkey-
infective -doses/ml (Table 9), although in birds infected for 
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over two weeks the titer dropped to 10^ turkey-infectlve-
doses/ml. The agent was regularly isolated from a pool of 
liver, kidney and spleen tissue from birds which had been 
infected for 2 days. Infectivity was shown to be restricted 
to the kidney (Table 10), while the liver and spleen were 
negative. The pooled liver and kidney from birds infected 
for 3 days did not contain any transmissible enteritis agent. 
Resistance to challenge was noted in birds which had 
recovered from transmissible enteritis. Birds infected with 
either the Iowa or Minnesota strains were challenged 21 days 
later with either the heterologous or homologous strain. No 
clinical signs of transmissible enteritis were observed when 
recovered birds were challenged (Table 11). 
Serum from recovered birds was used in a gel precipitation 
test, using infected embryonic gut as the antigen in the gel 
precipitation system described by Okazaki et al. (75). No 
specific lines were seen. The serum was also used in a serum 
neutralization test, using Infective intestinal contents 
diluted l/lO and serum diluted l/l5 in tryptose phosphate 
broth. The mixture was incubated for 30 minutes at room 
temperature, and then inoculated into poults. No neutralizing 
activity was noted (Table 12). 
Characterization of the agent In intestinal contents 
The physical characteristics of the Minnesota strain of 
the transmissible enteritis agent were determined using 
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infective intestinal contents as a source of the agent, and 
using poult inoculation as an indicator system. 
The agent was sensitive to chloroform (Table 13) using 
the method of Feldman and Wang (32). The agent survived two 
treatments with Genetron 113^ (trifluorotrichloroethane), 
using equal volumes of intestinal material and Genetron 113 
for each treatment (Table 13). 
The agent survived 3 hours at room temperature, when 
suspended in a solution of Eagle's minimum essential medium at 
pH 7.2 and pH 5.2, but not at pH 3.1 (Table l4). The pH was 
adjusted with 0.1N hydrochloric acid, before addition of the 
infective material, and then the pH recorrected after the 
agent was added, as described by Tyrrell and Chanock (108). 
A 450 nm filtrate of infective intestinal contents was 
subjected to a temperature of 50°C in a water bath fitted 
with an agitator. Screw capped tubes, 13 x 75 mm, received 
1.5 ml of infective material, and were sealed with masking 
tape. The vials were given two minutes to equilibrate before 
timing commenced. At predetermined intervals the vials were 
removed and plunged into an ice bath, until their contents 
could be inoculated into poults. The agent survived between 
40 and 60 minutes at 50°C in different trials. Presence of 
molar magnesium chloride decreased the stability of the agent 
^Allied Chemical, General Chemical Division, New York, 
New York. 
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at this temperature (Table 15). 
The agent passed a 220 nm a.p.d. Millipore filter^ in a 
Swinny adaptor without difficulty, using reasonable manual 
pressure. 
Three experiments were carried out using a 100 nm 
a.p.d. Millipore filter, and three experiments using a 100 nm 
p 
a.p.d. Gelman Triacetate Metricel filter . The agent con­
sistently passed through the Gelman filters, but did not pass 
through the Millipore filters. 
To test the efficacy of the 100 nm a.p.'d. filters, a 
220 nm filtrate of infective intestinal contents was mixed 
with allantoic fluid from chicken embryos infected with 
infectious bronchitis virus, and portions of the mixture 
passed through either brand of filter. The filtrates were 
inoculated into poults and also into the allantoic sac of 
11-day old chicken embryos. At 19 days of incubation, the 
chicken embryos were examined for the lesions of infectious 
bronchitis virus. 
Transmissible enteritis agent activity passed the Gelman, 
but not the Millipore filter (Table l6). Similarly, infec­
tious bronchitis virus activity was detected in the filtrate 
from the Gelman filter, but not in that from the Millipore 
filter. 
^Millipore Filter Corporation, Bedford, Massachusetts. 
^Gelman Instrument Company, Ann Arbor, Michigan. 
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The Gelman 100 nm a.p.d. filters were further tested by-
attempting to pass an avian reovirus, designated WB-1 and 
kindly supplied by Dr. D. P. Anderson^. Infective cell 
culture fluids were passed through a 220 nm then a 100 nm 
a.p.d. Gelman filter, and the filtrate allowed to adsorb to 
chicken embryo kidney cell monolayers. Cytopathic effects 
in the monolayers indicated that virus was present in the 
220 nm filtrate, but not in the 100 nm filtrate. 
Incubation of a 450 nm filtrate of infective intestinal 
contents with high concentrations of antibiotics for 30 
minutes at 37°C appeared to reduce the activity of the 
Minnesota strain (Table 17). Neomycin at 2 mg/ml, strepto­
mycin at 2 mg/ml and chloretetracycline at 5 mg/ml were most 
effective in reducing activity. Penicillin at 2,500 I.U./ml 
and Chloromycetin at 2 mg/ml had no detectable effect. 
Characterizatlon of the agent In avian embryos 
Many smears of intestine and yolk sac from infected 
embryos were examined in the hope of observing inclusion 
bodies or elementary particles. Frozen sections of 
embryonic intestine were examined for inclusion bodies or 
microcolonies. Stains used included acridine orange by the 
method of Dart and Turner (20), Giemsa, and Giemsa with a 
potassium permanganate mordant, as described by Marmion and 
^Dr. D. P. Anderson, Poultry Disease Research Center, 
University of Georgia, Athens, Georgia 306OI. 
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Goodburn (65) for Mycoplasnva pneumoniae In chicken embryos. 
Stains described by Glmenez (42) for chlamydia, Macchlavello's 
silver stain, and the methyl green-pyronin stain of Shokeir 
et al. (91) for chlamydia were also uàed. At no time were 
elementary bodies or Inclusion bodies of any kind observed. 
Further observations were made on the antibiotic 
sensitivity of the transmissible enteritis agent. Results 
were obtained by estimation of the severity of histopatholog-
Ical lesions in the intestine of infected turkey embryos, 
following antibiotic treatment. Groups of 5 turkey embryos 
aged 24 days were Inoculated via the amniotic sac with 
infectious material, and the antibiotic solution was inocu­
lated into the allantoic sac. After a further three days 
of incubation, the Intestine was harvested, fixed in formal-
sublimate -acetate, and stained by the periodlc-acld-Schlff 
method, with hematoxylin counterstain. 
The following amounts of antibiotics were used, per 
embryo : 
chlortetracycline: 1, 5 and 15 mg 
penicillin; 
Chloromycetin ; 
oxytetracycline : 1, 5 and 10 mg 
1 and 10 mg 
5,000 and 20,000 I.U 
neomycin: 
streptomycin: 
bacitracin: 
1 mg 
1 mg 
500 units 
tylosin tartrate: 1 and 5 mg 
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At least five embryos were used per dilution. 
Although there was some fluctuation within groups, there 
was no consistent difference between treated groups and 
positive controls. 
Since the degree of intestinal injury is not always 
reflected in the amount of morphologic change (98), and 
because these results were at variance with those obtained 
using intestinal contents in turkey poults, the effect of 
antibiotics on the titer of the agent present in infected 
embryos was also examined. Embryos were inoculated as before, 
and on harvest their intestines were titrated for infectivity 
in groups of poults. In these experiments, concentrations 
of 0.8 mg streptomycin/embryo, 12.5 mg chlortetracycline/ 
embryo, and 15 mg oxytetracycline/embryo were used. In every 
case the titer of the agent in the treated embryos was as 
great as that in the control infected embryos (Table l8). 
Electron microscopy 
Electron microscopy of thin sections of intestine from 
normal and infected embryos revealed virus-type particles 
in the epithelial cells of infected embryos, but not in 
controls. The particles were not seen in embryos infected 
at l4 days of incubation, a time when the embryo is resistant 
to transmissible enteritis, but of undiminished sensitivity 
to other agents. Similar particles were seen in infected 
poults (Figure 4), but not in control poults. 
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Figure 4. Virus-like particles present in the cytoplasm of 
an intestinal epithelial cell from a poult 
infected with the transmissible enteritis agent, 
at 36 hours post infection. A membrane envelope 
• may be distinguished around some of the particles. 
X 153,000 
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Most particles were seen in cystemae in the cytoplasm, 
although some were extracellular. Some particles appeared 
to be budding into the Golgi apparatus (Figure 5)> while 
others were seen in the perinuclear space. The particles 
were surrounded by a membrane envelope closely apposed to 
the core. Many particles were ellipsoid, possibly due to 
pressure during sectioning. Measurements from micrographs 
suggested a size from 50 to 120 nm, although a few particles 
fell outside this range. The particles were observed as 
early as 20 hours post-Infection, but were most common at 36 
hours in poults and 72 hours in embryos, and still apparent 
at 5 days post-infection. 
These virus-type particles could be distinguished by 
their density and uniformity from empty membrane-bound 
vesicles that occur in cysternae in the epithelium of both 
poults and embryos. Such vesicles have been seen in intestinal 
epithelium of normal and diseased animals of mar^r species (12). 
Virus-like particles were also observed in negatively 
stained preparations made from infected embryonic intestine. 
Unfortunately, due to limitations of time and equipment, the 
micrographs obtained do not reveal all the details that might 
be present. Certain facts could be deduced, however. 
particles were very pleomorphic, and varied widely in 
size. Most particles had a diameter between 60 nm and 
l40 nm with an average of 110 nm, but larger particles up 
Figure 5- Two virus-like particles (arrows) which appear to 
be budding from the membrane lining the Golgi 
apparatus of an intestinal epithelial cell from 
an infected poult. The membrane appears thickened, 
and there is a dense layer underneath it. X 51,000 
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to 250 nm were also seen. A few filamentous forms, of width 
60 nm and length up to 200 nm were seen. The particles were 
enveloped, and had numerous tubular projections about 10 nm 
long, from their surface (Figures 6 and 7). 
A few particles were damaged, and internal component 
could be seen. A preparation treated with 5^ chloroform 
before centrifugation had a larger amount of fibrillar 
material, typical of the internal component of myxoviruses. 
The fibrils appeared to be 10-12 nm in diameter and often 
aggregated in parallel rows of short, rigid rods. 
Attempts at Cultivation 
Bacteriological media 
Half milliliter amounts of a 300 nm filtrate of infec­
tive intestinal contents were inoculated into 10 ml volumes 
of the following media: 
Brain-heart infusion^ 
Brain-heart infusion^ + 0.3 M sucrose 
Veal infusion^ +0.1^ agar 
Mycoplasma broth (37) with 15^ rabbit serum + 0.01^ 
NAD + 0.01^ cysteine 
Mycoplasma broth (37) with 15^  swine serum + 0.01^  
NAD 4- 0.010 cysteine 
^Difco Laboratories, Detroit 1, Michigan. 
Figure 6. A negatively stained virus particle from the 
intestine of an infected turkey embryo. Note 
the tubular nature of the projections from the 
surface envelope (arrows). X 210,000 
Figure 7. Four pleomorphic particles present in a negatively 
stained preparation. The central dark area in 
the particles is probably due to a pool of sodium 
phosphotungstate stain, which has collected in 
the middle of a virus particle by depressing the 
envelope. X 84,000 
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Mycoplasma broth (37) with 15^ horse serum + 0.01^ 
NAD + 0.010 cysteine 
V.P. (107) medium with 15^  rabbit serum + 0.01# NAD + 
0.01# cysteine 
V.P. (107) medium with 15^ horse serum + 0.01$ NAD + 
0.01$ cysteine 
Brucella broth + 0.01$ agar 
Aliquots were centrifuged at 3 and 7 days, and stained 
with Giemsa stain. A vibrio shaped organism was isolated 
from the veal infusion medium, but failed to cause disease 
when inoculated into poults. No organism was isolated from 
the other media. 
Blood plates were also inoculated, and mycoplasma plates 
with 15$ rabbit serum were inoculated with the mycoplasma 
broths after 7 days incubation. Plates were incubated 
aerobically and anaerobically, for two weeks, but no colonies 
were observed. 
Material derived from transmissible enteritis infected 
turkey and chicken embryos was inoculated into bacteriolog­
ical media, including brucella broth +0.1$ agar, 
thioglycollate broth, tryptose phosphate broth, and 
mycoplasma broth (37) with 15$ swine serum + 0.01$ NAD and 
0.01$ cysteine. No turbidity was seen in the media following 
several weeks incubation. 
Attempts were made to isolate bacteria under strict 
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anaerobic conditions. The mycoplasma medium shown to be 
favorable for survival of the agent, was prereduced and 
anaerobically sterilized, and inoculated with embryo derived 
infective material. After 48 hours incubation, the medium 
was Inoculated into poults, but they did not develop trans­
missible enteritis. 
Dr. D. Harris^ also supplied and inoculated anaero­
bically tv;o prereduced anaerobically sterilized media normally 
used for isolation of intestinal bacteria. 
All these media were inoculated with Infective ground 
embryonic intestine. No bacteria were isolated, and the media 
were noninfective when inoculated into poults. 
Plates of tryptose phosphate broth with 0.8^ purified 
agar, 0.010 NAD and 0.01$ cysteine and 55^ rabbit serum were 
prepared and the surface streaked with infective material. A 
streak of Streptococcus fecalls, which had been isolated 
earlier, was applied as a nurse colony, and the plates were 
incubated aerobically and anaerobically. No other bacterial 
colonies appeared, and the material was not Infective when 
inoculated into poults. 
Avian embryos 
Although almost all avian pathogens can be cultivated 
in embryonating eggs, previous attempts In this laboratory 
^Department of Veterinary Microbiology, Iowa State 
University, Ames, Iowa. 
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and others to grow the agent of transmissible enteritis had 
met with failure. In order to use an embryo system most 
like the natural host, we Inoculated turkey embryos near 
full term via the amniotic sac, so that the agent might 
reach the embryonic intestine. Early results showed that, 
while the embryo appeared unaffected, the agent did multiply 
in the embryo. Further studies into this system were then 
initiated. 
For routine work with the transmissible enteritis agent, 
turkey embryos older than 20 days were inoculated via the 
amniotic sac and incubated at 37°C. The agent was passaged 
in avian embryos by grinding the embryonic intestine in 
buffered saline, centrifuging at 1,000 x G for 10 minutes, 
and using this material to inoculate other embryos. Presence 
of the agent was determined by inoculating poults with the 
suspect material. The effect on the poults was quantitated 
by observing differences in weight gains following challenge, 
as described in the tables section of this thesis. 
In chicken embryos, infectivity for poults was present 
after 23 passages, but had disappeared after 30 passages. 
Nineteen days following oral administration of tenth passage 
level chick embryo material, the recovered poults were 
challenged by crude infective feces. They failed to show 
clinical signs, as compared to the controls (Table 19). 
In turkey embryos, an isolate was infective after 12 
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passages made at 3-day intervals, at which point it was 
discarded because of bacterial contamination. In a second 
trial, mate^^ial was passed at weekly intervals, and this 
became negative by the tenth passage. Low egg passage 
material was used in all the experiments reported. 
Histological examination of intestines of poults 
infected with embryo derived material revealed lesions 
consistent with those previously described for transmissible 
enteritis (2). 
Embryos were not killed by the agent, and gross lesions 
in them were slight and irregular. In full term embryos, 
the intestine was occasionally more distended than normal. 
Histological changes in the intestine of turkey embryos 
were constant, forming a reliable basis for recognition of 
the presence of the agent in full term embryos. As in 
poults, there was stimulation of mucin production, especially 
at the tips of the villi, and goblet cells were more numerous 
than normal. Epithelial cells had cloudy swelling and loss 
of regular, orderly appearance. Small round dense cells with 
pyknotic nuclei were frequently seen in the epithelium or 
in the lumen. Histological changes in the chicken embryo 
intestine were similar to those in turkey embryos but less 
severe and less constant. They were not seen in every 
infected chicken embryo. 
Turkey embryos younger than 15 days could not be infected 
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by any route of Inoculation. Using amniotic inoculation, 
15-day old turkey embryos were infected in some tests and 
older embryos were always infected (Table 20). 
Iz was possible to establish infection in chicken 
embryos which had been incubated lo days or longer, but not 
in younger embryos. The age of turkey embryos also affected 
the titer of the agent present. Thus, infecting 3 days before 
testing, the titer in embryos aged 21 days at harvest was 
p 
less than 10 , whereas in embryos either 24 and 27 days at 
harvest it was 10^ (Table 21). 
In turkey embryos, the intestinal titer reached 10-^ 
within 21.5 hours of infection, and remained constant for up 
to 7 days (Table 22). 
Inoculation of 11-day turkey embryos via the yolk sac 
and l4-day turkey embryos via the allantoic sac did not 
establish infection. Allantoic sac Inoculation of l8-day 
embryos established Infection (Table 23), but results in 
later trials were inconsistent. Amniotic sac inoculation 
of embryos older than l6 days was always successful. 
Inoculation of 7-day chicken embryos via the yolk sac 
and 11-day chicken embryos via the allantoic sac did not 
establish infection. 
Turkey embryos were inoculated with third passage 
material and harvested 3 days later, at 24 days of incuba­
tion. The titer was at least lo"^  in the yolk and 10^  in 
the intestines and other organs (liver, kidney, spleen) 
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(Table 24). Infectivity was associated with the yolk rather 
than the washed and ground yolk sac. 
In chicken embryos, the titer in the yolk was similar to 
that in the intestine, which, in turn, was higher than that 
of pooled liver, kidney, heart and spleen (Table 25). 
A 220 nm filtrate of infective feces was titrated 
simultaneously in turkey poults and 25-day-old embryos. 
Embryos inoculated into the amniotic sac were as sensitive 
as poults, although allantoic sac inoculation was not as 
successful (Table 26). Histological examination of embryonic 
intestine gave results similar to poult infectivity trials 
In detecting embryonic infection. 
A similar experiment was carried out with 17-day chicken 
embryos using amniotic sac inoculation. Results indicated 
that chicken embryos required 10 times as much agent as 
poults to establish infection (Table 27). 
The agent appeared to adapt to growth in the yolk sac. 
On initial isolation, the titer in yolk sac was 10^. The 
second passage had a titer of 10^, and third and subsequent 
passages had a titer of lO?. The titer in the gut commenced 
5 
at 10 and remained constant. 
The titer was very predictable in low passage material. 
With continued passage, however, the titer dropped abruptly, 
and became irregular. When this occurred, it could not be 
restored to its previous level. It was felt that the drop 
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could be delayed by passaging every three days in older 
embryos. All the work described in this study was carried 
out on low passage high titer material. 
Organ cultures 
Attempts were made to infect organ cultures from normal 
embryos ^  vitro, by allowing a l/lO dilution of 220 nm 
filtrate of infective intestinal contents to adsorb for 
half an hour before adding medium. In other cases, intestine 
from previously infected embryos was used. 
In all cases, the material was inoculated into poults 
after an incubation period of between 1 and 5 days. The 
cultures did not produce disease in poults, except for one 
which vjas later found to be contaminated with both a Gram 
negative spirochete and a Gram positive fusiform bacterium 
on smear (Table 28). 
Other organ cultures of infected embryonic intestine were 
set up in roller tubes, using Daniels' e^ a]_. (19) modified 
medium. Culture fluids taken between 1 and 4 days of 
incubation all produced transmissible enteritis in suscep­
tible poults. To infect secondary organ cultures, 2 ml of 
medium from the primary passage was added to an organ 
preparation from a normal turkey embryo, and allowed to 
adsorb for 45 minutes. The fluid was then removed, and 
fresh medium added. It was not possible to obtain infec-
tivity in a second passage, when passing and testing at 
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three-day intervals. 
Cell cultures 
A 300 nm filtrate of intestinal contents from infected 
poults was inoculated onto turkey embryo kidney cell mono­
layers. A blind passage was made to other turkey kidney 
cell monolayers at 5 days, and an overlay containing methyl-
cellulose placed on these. The overlay was removed after 5 
days, and cells stained with May-Grunwald Giemsa stain. No 
difference was seen, when compared to controls. A similar 
experiment using coverslips in Leighton tubes was carried 
out, and the cells stained with acridine orange. Again, no 
difference was seen between infected and control monolayers. 
Some syncytia were seen in both infected and control mono­
layers . 
To test the cell culture system, a reovirus isolated 
from the intestinal tract of "bluecomb" infected turkeys was 
inoculated onto turkey embryo kidney cell monolayers. The 
reovirus was in the 11th cell culture passage, and kindly 
supplied by Dr. D. Anderson^. Cytopathic effect appeared 
within 24 hours, thus establishing that the cell culture 
system was capable of response to viral infection. 
In another trial, a suspension of infective intestinal 
^Dr. D. P. Anderson, Poultry Disease Research Center, 
University of Georgia, Athens, Georgia 306OI. 
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contents was treated once with an equal volume of 
trifluorotrichloroethane. The aqueous phase was passed 
through a 220 nm a.p.d. filter and allowed to adsorb to a 
monolayer of turkey kidney cells in tubes for 45 minutes, 
then replaced with Minimum essential medium (Eagle's) con­
taining bicarbonate and 0.4^ bovine serum albumin and 
antibiotics. After 8 days the monolayers in the infected 
tubes had small dark clumps of cells. Medium from these 
was then placed on other monolayers, which developed similar 
cytopathic effects (c.p.e.) within 4 days. Medium was again 
passaged to other monolayers which also developed c.p.e. in 
4 days. Medium from these was inoculated orally into poults. 
These poults failed to gain weight at the rate of the controls 
(Table 29). 
A bacterium was isolated from cell culture fluids of all 
three passages on blood agar plates. The organism was a 
Gram positive diphtheriod. This organism was grown in broth 
and administered orally to poults. The poults did not become 
sick. 
A cell monolayer was made from kidneys of infected 
embryos. After two days of incubation, the culture fluids 
were inoculated into poults. The poults remained healthy. 
Turkey kidney cell monolayers were grown in the 
modification of Eagle's Minimum essential medium described 
by Daniels al• (19). Infective embryonic intestinal 
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material was allowed to adsorb for 45 minutes, and then the 
maintenance medium containing 1$^ fetal bovine serum was 
added. The cells were incubated at 37°C for 3 days, one 
group in a normal atmosphere with 5^ COp and one under 
anaerobic conditions with 5^ COg. Those in the normal 
atmosphere were infective, when inoculated into poults. The 
cells incubated in the anaerobic Jar appeared dead, and were 
noninfective for poults (Table 30). 
Several attempts to make a second passage of the agent 
in turkey embryo kidney cells were unsuccessful, as deter­
mined by poult infectivity trials. 
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TABLES OP RESULTS 
Introduction 
The only available assay for the transmissible enteritis 
agent consisted of the inoculation of live turkeys, followed 
by observation for the development of clinical signs of 
transmissible enteritis infection. Such an assay is expen­
sive, time consuming, and difficult to quantitate. Many 
interesting aspects of the disease process were touched upon 
during this investigation, but had to be left to await 
development of a faster, easier assay system. 
Since transmissible enteritis infection has a pronounced 
effect on the rate of weight gain in turkey poults, weight 
measurements during the experimental period may be used as 
a quantitative indication of infection. However, the response 
of poults to transmissible enteritis infection varies with 
age. An infection that causes severe weight loss in young 
birds might cause nothing more than subnormal weight gains 
in older birds. Furthermore, some experiments were continued 
for a longer time than others. Thus infected birds in one 
experiment may gain more than negative controls in another 
experiment. The weight gains must be interpreted in the 
light of weight gains of positive and negative control birds 
in the same experiment. 
Other clinical signs, such as reduced feed and water 
intake and subnormal body temperature, are also seen in 
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Infected poults. The interpretation of the disease status 
of a group of poults was made on the basis of all the 
clinical signs, although only the weight gains were recorded 
quantitatively. All doubtful results were repeated, to 
ensure validity. 
All figures given in the tables are total weights of 
groups of four birds in grams. Birds were inoculated at 
the time of the initial weighing, and the change in weight 
was measured three to six days later. 
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Table 1. Survival of 
incubated in 
the transmissible enteritis agent 
tryptose phosphate broth at 37°C 
Poult inoculum 
Initial 
weight 
Change 
in weight 
Inter­
pretation 
Negative control 1440& + 500 _b 
3 hour incubation of 
materials 930 + 260 4.d 
6 hour incubation of 
material 1320 + 310 + 
9 hour incubation of 
material 1550 + 600 -
Positive control 1530 - 120 -f 
^Weight in grams of a group of four birds usually of the 
same age. Each bird received 0.5 ml of infective material 
per OS. 
^Means birds did not become infected in this and subse­
quent tables. 
^Infective material, diluted 1/30 in tryptose phosphate 
broth, and incubated for the time indicated at 37°C. 
^Means birds became infected, as judged by the amount 
of weight gain or loss and clinical signs in this and subse­
quent tables. 
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Table 2. Overnight^ persistence of the transmissible enter­
itis agent on inoculating various media with one 
loopful of infective intestinal contents at 37°C 
Poult inoculum 
Initial 
weight 
Change 
in weight 
Inter­
pretation 
Negative control 2200 + 250 -
Tryptose phosphate 
broth (TPB) 2120 + 40 + 
TPS + Thallium acetate 2020 + 80 + 
Positive control 1890 + 50 + 
^Time variable from 16-20 hours. 
Table 3. Overnight survival of the 
agent in growing cultures 
37°C 
transmissible enteritis 
of various bacteria at 
Poult inoculum 
Initial 
weight 
Change 
in weight 
Inter­
pretation 
Negative control 1770 + 200 -
Streptococcus 1 + T.E. 
agent& 1830 - 190 + 
Streptococcus 2 + T.E. 
agent 1770 + 230 -
Streptococcus 3 + T.E. 
agent 1560 + 260 -
Negative feces + T.E. 
agent 1980 - 250 4-
Positive control 1870 + 50 + 
^Transmissible enteritis agent added as a 300 nm filtrate 
of intestinal contents from poults infected with transmissible 
enteritis. 
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Table 4. Overnight survival ol" the transmissible enteritis 
agent inoculated into a Streptococcus fecalis 
culture in preboiled media at 37®C 
Poult inoculum 
Initial 
weight 
Change 
in weight 
Inter­
pretation 
Negative control 1250 + 290 -
Boiled medium^ + T.E. agent 1480 - 20 + 
Unboiled medium + T.E. agent 1330 + 260 -
Positive control 1310 - 100 + 
^Tryptose phosphate broth, boiled for a few minutes and 
cooled before inoculation with Streptococcus fecalis and a 
300 nm filtrate of infective intestinal contents. 
Table 5- Effect of adding cysteine and NAD to the medium on 
overnight survival of the transmissible enteritis 
agent in vitro at 37°C 
Poult Inoculum 
Initial 
weight 
Change 
in weight 
Inter­
pretation 
Negative control 2010 + 1210 -
Basic medium + T.E. agent& 2020 + 1010 -
Basic medium + 0.01^ 
cysteine + 0.01^ NAD + T.E. 
agent 2100 - 240 + 
Positive control 2180 - 390 + 
^Basic medium consisted of mycoplasma base (37) with 
5^ rabbit serum and filtrate of Streptococcus fecalis 
culture growing in tryptose phosphate broth. The pH was 
lowered with acetic acid. Ten ml of medium was inoculated 
with 0.3 ml of infective intestinal filtrate. 
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Table 6. The effect of acidity of the suspending medium 
on overnight survival of the transmissible 
enteritis agent at 37°C 
Poult inoculum 
Initial 
weight 
Change 
in weight 
Inter­
pretation 
Negative control 
Basic medium pH 5.0 + 
T.Eagent 
Basic medium pH 5.5 + 
T.E. agent 
Basic medium pH 6.0 + 
T.E. agent 
Basic medium pH 6,5 -f 
T.E. agent 
Positive control 
1550 
1630 
1640 
1050 
1000 
1110 
+ 570 
+ 550 
+ 90 
+ 450 
+ 440 
0 + 
^System as described in Table 5, with basic medium + 
0.01^ cysteine + 0.01^ NAD, inoculated with transmissible 
enteritis agent. 
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Table Y. The effect of addition of different serum 
supplements to the suspending medium on the over­
night survival of the transmissible enteritis 
agent at 37°C 
Initial Change Inter-
Poult inoculum weight in weight pretation 
Negative control 1230 + 400 
Basal system^ + 10^ turkey 
serum 1340 + 320 
Basal system + 20^ turkey 
serum 1250 + 430 
Basal system + 10^ swine 
serum 1250 + 330 
Basal system + lOJë horse 
serum 1320 + 420 
Basal system + 50 rabbit 
serum 1260 + 19O 
Basal system + 100 rabbit 
serum 1740 + 450 
Positive control l400 + 100 
&Basal system consisted of 10 ml mycoplasma medium (37) 
with 50 filtrate of a Streptococcus fecalis culture medium, 
0.010 cysteine, and 0.01^  NAD, acidified to pH 5.5 and 0.3 
ml of a filtrate of infective intestinal contents. 
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Table 8. Effect of presence of embryonic turkey intestine 
segments in the suspending medium on the overnight 
survival of the transmissible enteritis agent 
Poult Inoculum 
Initial 
weight 
Change 
in weight 
Inter­
pretation 
Negative control 830 + 210 — 
-2 Basal system , 10 900 + 200 -
Basal system + embryo gut, 
10-2 810 + 20 + 
Positive control 870 - 70 + 
^Basal system consisted of 10 ml of mycoplasma medium 
(37) with 5^ rabbit serum, filtrate of Streptococcus 
fecalls culture medium, with 0.01^ cysteine! 0.01^5 NAD, pH 
5.5, and 0.3 ml of a 300 nm filtrate of infective intestinal 
contents, incubated overnight, and then diluted l/lOO before 
inoculating turkeys, which received 0.5 ml each. 
Table 9. Infectivlty for poults using dilutions of intestinal 
contents from birds infected with the transmissible 
enteritis agent 
Initial Change Inter-
Poult Inoculum weight in weight pretation 
Dilution 10-1 2680 + 170 + 
Dilution 10-3 2970 + 110 + 
Dilution 10-4 3200 + 190 + 
Dilution 10-5 3120 + 360 -
Negative control 2820 + 360 -
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Table 10. Infectivity for poults using organs from poults 
inoculated orally two days previously with the 
transmissible enteritis agent 
Initial Change Inter­
Poulu inoculum weight in weight pretation 
Kidney 5360 + 390 + 
Liver 3880 + 650 -
Spleen 2760 + 660 -
Negative control 2440 + 860 -
Table 11. Demonstration of cross-immunity in poults between the Iowa and Minnesota 
strains of the transmissible enteritis agent, using birds inoculated 
orally three weeks previously 
Poult inoculum Birds challenged 
Initial 
weight 
Change 
in weight Interpretation 
None Negative controls 2860 + 390 -
Iowa strain Nonimmunized 2670 - 340 
Iowa strain Immunized with 
Iowa strain^ 1290 + 160 -
loiva strain Immunized with 
Minnesota strain 830 + 130 -
Minnesota strain Nonimmunized 2030 - 200 + 
Minnesota strain Immunized with 
Iowa strain 1190 4- 140 -
Minnesota strain Immunized with 
Minnesota strain 500 + 40 -
&Blrd8 that had been challenged orally with Iowa strain transmissible 
enteritis agent 21 days previously. These birds were stunted, and so were not 
gaining as rapidly as the negative controls. 
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Table 12. Serum neutralization test on 
enteritis agent, using serum 
the transmissible 
from recovered birds 
Poult inoculum 
Initial 
weight 
Change 
in weight 
Inter­
pretation 
Negative control 2010 + 450 -
T.E. agent -f negative serum^ 2470 - 510 + 
T.E. agent + recovered serum 2090 - 540 + 
^Mixture containing a dilution of normal turkey serum 
1/15 and 220 nm filtrate of infective intestinal contents 
diluted 1/30, incubated at 37°C for 30 minutes. 
Table 13. Sensitivity of the transmissible enteritis agent 
to chloroform and trifluorotrichloroethane 
Initial Change Inter-
Poult inoculum weight in weight pretation 
Negative control 980 + 220 -
Chloroform treated T.E.A.^ 900 + 200 -
Trifluorotrichloroethane 
treated T.E.A. 
1300 - 130 + 
Positive control 1190 - 100 + 
^Transmissible enteritis agent treated with chloroform 
by the method of Feldman and Wang (32). 
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Table l4. Effect ol" varying pH on the survival of the 
transmissible enteritis agent, over a three hour 
period at room temperature 
Initial Change Inter-
Poult inoculum weight in weight prêtâtion 
Negative control 2200 + 320 
pH 3.1^ 1970 + 380 
pH 5.0 2430 0 + 
pH 7.2 2280 - 220 + 
Positive control I96O - l40 -h 
^One ml of 300 nm filtrate of infective intestinal 
contents suspended in 25 ml of Eagle's minimal essential 
medium adjusted to pH 3.1 and incubated for 3 hours at 25 C 
before inoculation into poults. 
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Table 15. The effect of molar magnesium chloride on the 
stability of the transmissible enteritis agent 
at 500C 
Initial Change Inter-
Poult inoculum weight in weight pretation 
Negative ! control 1250 + 290 -
T.E.A., 
broth 
60 min in nutrient 
1360 0 
T.E.A., 60 min in 
a 
M MgClg 1400 + 240 -
T.E.A., 
broth 
45 min in nutrient 
1390 - 20 + 
T.E.A., 45 min in M MgClg 1440 + 160 -
T.E.A., 
broth 
30 min in nutrient 
1210 - 60 + 
T.E.A., 30 min in M MgClg 1350 + 70 + 
Positive 1 control 1310 - 100 + 
A 300 nm filtrate of infective Intestinal contents was 
heated at 50°C for 60 minutes in a molar solution of magnesium 
chloride in nutrient broth, before inoculation into poults. 
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Table l6. passage of the transmissible enteritis agent 
through membrane filters of various pore sizes 
Initial Change Inter-
Poult inoculum weight in weight prêtâtion 
Negative control 1260 + 340 
220 nm Millipore filtrate 1^40 - 70 + 
100 nm Gelman filtrate I58O - 70 + 
100 nm Millipore filtrate 15OO + 280 
Positive control 1520 - 230 + 
Table I7. The effect of incubation with antibiotics on the infectivity of the 
transmissible enteritis agent for poults 
Poult inoculum 
Initial 
weight 
Change 
in weight Interpretation 
Negative control 2040 + 270 -
T.E.A. +2 mg/ml neomycin®" 2160 + 100 + 
T.E.A. +5 mg/ml neomycin 2190 + 10 + 
T.E.A, +10 mg/ml neomycin 2150 + 180 + 
T.E.A. +5 mg/ml chloramphenicol 2150 - 210 + 
T.E.A. +10 mg/ml chlortetracycllne 2170 60 + 
T.E.A. + 1 mg streptomycin + 500 I.U. 
penicillin 2260 
- 390 + 
T.E.A. + 5 mg streptomycin + 5OOO I.U. 
penicillin 2050 + 90 + 
T.E.A. + 5000 I.U. penicillin 2220 - 230 + 
Positive control 2030 - 260 + 
450 nm filtrate of infective intestinal contents was incubated with 2 mg/ml 
of neomycin for 30 minutes at 37°C before inoculation into poults. 
Table l8. Titrations in poults of intestinal material from control embryos 
Inoculated with the transmissible enteritis agent and others inoculated 
with antibiotics and the transmissible enteritis agent 
Poult inoculum 
Streptomycin 
Infected embryo gut, diluted 10"3 
Infected embryo gut, diluted 10"^ 
Embryos inoculated with T.E.A. + 0.8 mg 
streptomycin, gut diluted 10-3 
Embryos inoculated with T.E.A. + 0.8 mg 
streptomycin, gut diluted 10-4 
Chlortetracycline 
Infected embryo gut, diluted 10-3 
Infected embryo gut, diluted 10"^ 
Embryos inoculated with T.E.A. + 12,5 mg 
chlortetracycline, gut diluted iQ-S 
Embryos inoculated with T.E.A. + 12.5 mg 
chlortetracycline, gut diluted lO"^ 
Initial Change 
weight in weight Interpretation 
5580 + 350 + 
5520 +1790 
5820 + 870 + 
5680 +1510 
860 + 80 + 
920 + 300 
950 +50 + 
950 + 280 
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Table 19. Challenge of poults with the transmissible 
enteritis agent 19 days after inoculation with 
infective chicken embryo material 
Poult inoculum 
Initial 
weight 
Change 
in weight 
Inter-
pretation 
Positive controls 4320 - 200 + 
Recovered birds 2820 + 460 -
Uninoculated controls 3080 + 310 — 
Table 20. Infectivity for turkey poults using gut material 
from turkey embryos inoculated at the age indi­
cated with transmissible enteritis agent, and 
harvested three days later 
Initial Change Inter-
Poult inoculum weight in weight pretation 
Negative controls 1350 + 250 -
13-day embryos 1300 + 240 -
l4-day embryos 1270 + 260 -
15-day embryos 960 - 20 + 
l6-day embryos 1010 - 200 + 
17-day embryos 970 - i40 
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Table 21. Infectivity for poults of dilutions of ground 
intestine from turkey embryos inoculated 3 days 
prior to age indicated with the transmissible 
enteritis agent 
Initial Change Inter-
Date of harvest weight in weight pretation 
Day 21 
10-2^ 1060 + 420 
10-3 1110 + 330 
Control 1510 + 440 
Day 24 
10-4 2670 + 250 + 
10-5 2880 + 250 + 
10-6 1980 + 380 
Control 1320 + 370 
Day 27 
10-5 1160 +70 + 
10-G 1060 + 260 
Control 990 + 240 
^Inoculum was a 10"^ dilution of intestines from 
embryos harvested at 21 days of incubation. 
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Table 22. Infectivity for poults of various dilutions of 
ground intestine from turkey embryos inoculated 
with the transmissible enteritis agent and 
harvested at the times indicated 
Initial Change Inter-
Poult inoculum weight in weight pretation 
21.5 hours 
16-4* 6350 + 110 + 
16-5 5330 + 240 + 
Control 5790 + 480 
Day 2 
10-4 490 +20 + 
10-5 470 0 + 
lO'G 510 + 210 
Control 440 + 200 
Day 3 
10-5 1160 +70 + 
10-G 1060 + 260 
Control 990 + 240 
Day 5 
10-4 1480 + 520 + 
10-5 1440 + 420 + 
10-6 1950 + 960 
^Inoculum for poults was a lO'^ dilution of ground 
intestines from embryos harvested 21.5 hours after infection. 
87 
Table 22. (Continued) 
Initial Change Inter-
Poult inoculum weight in weight pretation 
Day 7 
10-4 2260 
- 50 + 
10-5 2400 
o
 
CV
J 
+ 
10-G 2260 + 360 — 
Table 23. Infectlvity for turkey poults using gut material 
from turkey embryos inoculated with the trans­
missible enteritis agent by various routes, at 
the age indicated, and Incubated for 3 days 
Initial Change Inter-
Poult inoculum weight in weight pretation 
11-day yolk sac 3820 + 900 -
l4-day allantoic sac 2850 + 790 -
l8-day allantoic sac 3750 - 130 + 
l8-day amniotic sac 3950 - 290 + 
Control 3150 + 750 -
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Table 24. Infectivlty for turkey poults using dilutions of 
homogenized tissues from turkey embryos inoculated 
with the transmissible enteritis agent 
Initial Change Inter-
Poult inoculum weight in weight prêtâtion 
Gut 10~4 670 + 40 + 
Gut 10-5 810 + 310 -
Gut 10-G 1240 + 450 -
_qb 
Organs 10 ^  780 + 70 + 
Organs 10"^ 660 + 120 + 
Organs 10-5 1360 + 520 -
Yolk 10-5 730 - 210 + 
Yolk 10-6 700 - 140 + 
Yolk 10-7 1280 + 150 + 
Washed yolk sac 10-5 3130 + 810 -
Washed yolk sac 10"^ 2150 + 560 -
Control 1080 + 420 _ 
Sl it 
Inoculum consisted of a 10"^ dilution of ground 
intestines from infected embryos. 
bpool of liver, heart, spleen and kidney. 
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Table 25. Infectivity for poults using dilutions of homog­
enized tissue from chicken embryos Inoculated with 
the transmissible enteritis agent 
Initial Change Inter-
Poult inoculum weight in weight pretation 
Part I 
Control 3910 + 1110 
Gut IQ-l^ 2310 0 + 
Gut 10-2 3350 + 180 + 
Gut 10-3 4060 + 500 + 
Yolk 10-1 3600 + 260 + 
Yolk 10-2 3500 + 150 + 
part 11^ 
Yolk 10-3 1390 - 100 
1 ^ Other organs 10- 1450 - 70 
Other organs 10-2 136O + 270 
Other organs 10-3 156O + 390 
Control 1340 + 370 
^Inoculum for poults consisted of a 10"^ dilution of 
ground intestines from Infected chicken embryos. 
Mparts I and II were carried out in poults of differing 
age. 
^Pool of liver, heart, spleen and kidney. 
+ 
+ 
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Table 26. Relative susceptibility of turkey embryos and 
poults to infection with dilutions of the trans­
missible enteritis agent. A filtrate of infective 
feces was inoculated into both poults and turkey 
embryos. Intestines from the embryos were later 
inoculated into other poults to determine which 
were infective 
Initial Change Inter-
Poult inoculum weight in weight pretation 
Titration of feces in poults 
10-4 4310 + 250 + 
10-5 5300 4- 570 -
Control 4950 + 590 -
Titration of feces in 23-day-old embryos 
o3. 
via amnion 10"^ 3030 - 120 4-
10-4 2700 + 60 + 
10-5 2650 + 
0
 
00 
-
via allantois 10-3 2970 + 440 -
10-4 2670 + 650 -
10-5 2970 + 440 -
Control 2630 + 570 — 
^Inoculum for poults was a pool of Intestines from 
embryos previously inoculated with io-3 dilution of 
filtered feces. 
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Table 27. Relative susceptibility of chicken embryos and 
poults to the transmissible enteritis agent, 
determined as in Table 26 
Initial Change Inter-
Poult inoculum weight in weight pretation 
Titration of feces in poults 
10-3 1710 + 950 + 
10-4 1630 + 1190 
Control 1950 + 1190 
Titration of feces in l8-day-old chicken embryos 
10" 2160 +70 + 
10-2 2420 + l40 + 
10-3 1840 + 620 
^Inoculum for poults was a pool of intestines from 
embryos previously inoculated with a iQ-l dilution of 
filtered feces. 
Table 28. Infectivity for poults of organ and tissue cul­
tures made from transmissible enteritis infected 
embryos and incubated for 48 hours at 37°C 
Initial Change Inter-
Poult inoculum weight in weight pretation 
Intestinal organ cultures^ 
Kidney cell monolayers 
Negative controls 
2940 + 220 + 
3020 + 610 
2850 + 600 
^Organ cultures made by Hoorn's method (50). They were 
found to be contaminated with a fusiform bacterium and a 
spirochete. 
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Table 29- Infectlvity for poults of third passage level 
turkey kidney cell culture fluids. The cells 
were originally inoculated with a filtrate of 
intestinal contents from infected birds, and were 
contaminated with a bacterium 
Initial Change Inter-
Poult inoculum weight in weight pretation 
Positive controls 1000 + l40 + 
Cell culture fluids l400 + 130 + 
Negative control 1100 + 250 
Table 30 . Infectivity for poults of turkey kidney cell mono­
layers incubated with the transmissible enteritis 
agent for 3 days 
Poult inoculum 
Cells incubated aerobically 
Cells incubated anaerobically 
Negative control 
Initial Change Inter-
weight in weight pretation 
3510 + 950 + 
3800 + 1220 
4020 + 1350 
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DISCUSSION 
When these studies began, the whole field of "bluecomb" 
research was in a state of unbelievable confusion. It was 
first necessary to establish the type of agent present, and 
the conditions under which it could be expected to grow. 
Much time was spent on preliminary experiments that were seen 
to be leading nowhere. It is hoped that even if nothing else 
has been established, the work presented has removed some of 
the initial misconceptions, and pointed out the way for 
future studies. 
The results obtained are in agreement with those of 
Sieburth and Johnson (92) and Tumlin et (106), so it 
would appear that the causative agent of the disease here in 
the Midwest has remained constant for at least 10 years. Our 
results do not agree with those obtained earlier by Sieburth 
and Pomeroy (93) or Truscott et al. (103) in Canada. 
The use of weight gain records in turkeys was a very 
effective investigating tool, and was used throughout the 
project. However, the procedure was expensive, crude, and 
a major limiting factor on the work that might be done. 
Thus many interesting avenues of research appeared during 
this work, but could not be followed up because of the 
limitations imposed by the assay system. This caused some 
of the work to be incomplete. The aim of the work presented 
in this thesis has been to gain a general understanding of 
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the transmissible enteritis agent, rather than to observe 
the full details of any one aspect. 
Work with intestinal diseases is complicated by the 
presence of the extremely abundant microorganisms normally 
found in the gut. To circumvent these complications, and to 
observe a pure form of the host-parasite relationship, we 
resorted to the use of gnotobiotic birds. 
Since Truscott and Morin (104) isolated a vibrio from 
birds with "bluecomb", several workers have tried unsuccess­
fully to transmit transmissible enteritis with vibrios 
isolated from infected birds (49, 90). It had been suggested 
that the vibrio might lose a factor important to its patho­
genicity during passage on artificial media, and Truscott 
(102) demonstrated that the conditions of growth did influence 
the pathogenicity. Others had suggested that perhaps a 
lysogenic vibrio, or an L-form of vibrio was needed to pro­
duce pathogenic effects. In the gnotobiotic poults, trans­
missible enteritis was produced and passaged in the absence 
of any detectable bacteria. Similarly, in avian embryos, 
transmissible enteritis was passaged, but no vibrio bacteria 
were detected, despite extensive efforts. Thus, it has been 
shown that vibrio has nothing to do with the Minnesota 
strain of transmissible enteritis. 
The failure to observe any other bacterial forms in 
infected gnotobiotic poults and embryos would suggest that 
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no other type of bacterium is involved in transmissible 
enteritis. Attempts to isolate fastidious bacteria such as 
anaerobes from transmissible enteritis material are not likely 
to be fruitful. This is emphasized in that the complex media 
described in the results on the survival of the agent failed 
to do more than maintain the agent for a short period. The 
addition of 0.3 M sucrose commonly allows isolation of L-forms. 
Use of 0.3 M sucrose in the above medium did not result In 
growth of any L-forms, following inoculation. No candidate 
bacterium was ever Isolated. 
Most of the contaminating bacteria in the challenged 
gnotoblotlc birds were streptococci. These were probably of 
enteric origin, since they grew in medium containing 6.5^ 
sodium chloride, and could grow at pH 9-6. Throughout the 
project, difficulty was experienced with flltrable forms of 
Intestinal streptococci. It is probable that contamination 
arose from the presence of the streptococci in the Inoculum 
of filtered intestinal contents. 
Larsen^ has observed that gnotoblotlc poults infected 
only with transmissible enteritis have mild clinical signs 
of the disease. The presence of one or two species of other 
microorganisms make the lesions more severe, but still do 
^Larsen, C. T. University of Minnesota, St. Paul, 
Minnesota. Bluecomb experiments with gnotoblotlc poults. 
Personal communication. 1968. 
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not approach the severity of transmissible enteritis in 
conventional poults. Our results are not quantitative, but 
would support this view. 
In general, bacterial diseases of the intestine are 
more severe in otherwise germ-free animals. Horton et al. 
(51), working with Clostridium perfringens in guinea pigs, 
and Sprinz et al. (99), working with Escherichia coli and 
Shigella flexneri in guinea pigs, showed this to be the case. 
On the other hand, viral diseases involving the intestinal 
tract may be less severe in bacteria-free animals. This has 
been shown in feline panleukopenia (53). Of course, no firm 
conclusions can be drawn from such general reasoning, but 
the evidence would suggest that a viral etiology for trans­
missible enteritis of turkeys is the more likely. 
The experiments on the enhanced survival of the trans­
missible enteritis agent in a culture of streptococcus were 
stimulated by the discoveries of Gross and Moore (45) working 
with hemorrhagic enteritis of turkeys. They enhanced survival 
of the filtrable agent of hemorrhagic enteritis in a culture 
of streptococcus, but were unable to passage the agent in 
this way. However, they were able to isolate a streptococcus 
from the intestine of an Infected bird and this streptococcus 
"carried" the agent of hemorrhagic enteritis along with it. 
They suggested the agent might be a bacteriophage. 
Bacteriophages have been associated with disease pro­
97 
duction In many bacterial infections, including those by 
Corynebacterium diphtheriae (36), Group A streptococci (ll4). 
Shigella dysenteriae (64), and staphylococci (8). The phages 
of Bacillus anthracis (110) and Vibrio coli (34) have also 
been investigated for their effect. Since we were able to 
enhance the survival of the transmissible enteritis agent by 
placing it in a growing culture of streptococci, this 
appeared to be a promising line of investigation. We were 
unable, however, to isolate a "carrier" bacterium from 
infected birds, despite extensive attempts, and thus did not 
completely duplicate the work of Gross and Moore (45). 
We were able to passage the transmissible enteritis 
agent in the absence of detectable bacteria in both 
gnotobiotic birds and in embryos. Thus the transmissible 
enteritis agent is like no known phage in that it may be 
propagated in the absence of bacteria. Although four dif­
ferent streptococcal phages were isolated, none was respon­
sible for transmissible enteritis. 
Gross and Moore (45) reported that lesions of hemorrhagic 
enteritis were not produced in birds free of bacteria, but 
were observed when a streptococcus was present. The true 
situation may be similar to transmissible enteritis, where 
lesions in gnotobiotes are very mild, and infection may be 
reliably detected only by passage to birds with a normal 
bacterial flora. 
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The relationship between transmissible enteritis and 
hemorrhagic enteritis is difficult to draw at this stage, 
because of our incomplete knowledge of the agents involved. 
Both are caused by filtrable agents whose survival is 
stabilized by the presence of growing streptococci. However, 
the evidence available suggests that there are basic dif­
ferences between the tvjo disease agents. 
For example, the agent of hemorrhagic enteritis provokes 
a serological response in infected birds (71), while the 
agent of transmissible enteritis does not (IO5). The agent 
of hemorrhagic enteritis may be grown on an agar medium in 
the presence of a bacterium (4$), but we have not been able 
to do this with the agent of transmissible enteritis. 
The work also demonstrated that any artificial medium 
that might support growth of the transmissible enteritis 
agent would have to be far more complex than media currently 
in use. The many attempts to supplement the basal medium 
covered a wide spectrum of materials which can be used in 
bacterial culture, but none was effective in promoting 
growth of the agent. It was therefore decided to resort 
to a system involving the use of living cells. It was 
shown that the important features of the streptococcus in 
enhancing survival, were its ability to lower both the pH 
and the redox potential of the medium. When this was done, 
and other stabilizing factors added, the streptococcus 
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could be dispensed with, and the agent still survived well. 
The optimal pH for the agent is too low for successful 
growth of vertebrate cells in monolayers. However, it would 
suggest that cultivation of the transmissible enteritis agent 
may be more successful at a pH lower than normally used in 
cell culture. 
Several workers (78, 46) have noted that the presence 
of cysteine or other compounds stabilize enteroviruses in 
the presence of heat. Dubes (24) has described three strains 
of poliovirus which require the presence of cysteine in order 
to produce a cytopathic effect in kidney cell monolayers. 
Halstead e^ (46) has suggested that the stabilizing 
effect of an acidic environment on poliovirus is probably 
due to the tendency of the ions to keep the -SH groups on 
the virus reduced. Carver and Seto (l4) confirmed that 
cysteine stabilized enteroviruses, but found that it inacti­
vated arboviruses, vaccinia virus and Sendai virus. They 
suggested that the presence of a viral envelope was respons­
ible for the lability to cysteine. 
Thus there is a strong precedent for the stabilizing 
effect of both reducing agents and a lower pH on intestinal 
viruses. Since the evidence of chloroform sensitivity 
suggests the transmissible enteritis agent is enveloped, 
it would appear that an envelope per se is not the factor 
which determines the effect of cysteine. It is quite 
100 
possible that in enteric viruses, the proteins of the outer 
coat, be it capsid or envelope, have become adapted to the 
low redox potential normally found in the Intestine, and 
are more stable at a low redox potential. 
The environmental conditions existing within the 
intestinal tract are quite different from those in other 
organs such as the respiratory tract. Not only are the pH 
and redox potential lower, but there are many bacteria 
present, and their by-products affect the intestinal environ­
ment. The bacteria are highly organized and stratified in 
many micro-environments (88), but our knowledge of these is 
almost nonexistent. 
Many diseases of suspected viral etiology occur in the 
gut of different species, but the causative agents have been 
unusually difficult to cultivate. It has been stated (43) 
that in humans, 80^ of infectious enteritides remain 
undiagnosed as to etiology. So-called "viral enteritis" is 
the most common enteric syndrome in huimns over one year of 
age in this country. After extensive work, however, there 
are no good data to link any known virus to the syndrome 
(113), although isolations of enteroviruses and adenoviruses 
have been made from time to time in outbreaks of diarrhea. 
Several distinct syndromes which resemble bluecomb 
epidemiologically (3, 63, 54) have been described in man 
in this country. It is believed that they are caused by 
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viruses (63), but the viruses have never been isolated. 
Other suspected viral enteritides occur in mice (5, 59), 
and rabbits (84), but the viruses have not been cultivated 
outside the host. As in humans, adenoviruses and 
enteroviruses have been isolated from outbreaks of diarrhea 
in cattle, but the literature is confused, and it would not 
be surprising if major pathogens still await isolation. 
During the last ten years, intensive work on the viruses 
of the respiratory system has yielded many new and important 
pathogenic viruses. Attention is now being turned in several 
centers to the viruses of the alimentary tract. It is 
possible that the observations of the stability of the trans­
missible enteritis agent may hold important lessons for those 
wishing to isolate intestinal viruses from other species. 
The lesions of transmissible enteritis are restricted 
to the intestine (2) and it might be assumed that the agent 
is also restricted to the alimentary tract. Sieburth and 
Pomeroy (93) found that the vibrio of vibrionic enteritis 
of turkeys may be found in the liver, and Truscott and 
Morin (104) regularly cultured vibrio from the liver and 
bile. 
The isolation of the transmissible enteritis agent from 
the kidney, but not the liver, of infected birds at two days 
post-inoculation would suggest that the agent may be able 
to grow in that organ. It must be remembered, however, that 
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in birds the kidney has a major venous portal system which 
drains the distal portion of the alimentary canal, and may 
perform a phagocytic fiinction analogous to that of the liver 
in mammals (9). Wolochow et al. (Ill) have stated that the 
rate that microorganisms pass an intact intestinal 
epithelial cell barrier is proportional to their concentra­
tion and inversely proportional to their size, among other 
factors. Thus it is possible that the agent multiplies only 
in the Intestinal cells, but may pass to the kidney during 
the peak of infection on day 2, 
Work on the immune response of turkeys to transmissible 
enteritis would suggest that there is no systemic phase of 
the disease. The results of Tumlln et al. (106) were 
confirmed in this study, in that both attempts failed to 
demonstrate the presence of a strong serum neutralizing titer 
to transmissible enteritis, in the serum from recovered 
birds. We also failed to demonstrate precipitating anti­
bodies in agar gel diffusion tests. It has been observed 
in the field, and confirmed experimentally in this study, 
that birds become resistant to further challenge with trans­
missible enteritis. 
Krlebel e^ a^. (60) have shown in man that if an anti­
genic stimulus is given orally and restricted to the 
intestine, there may be local production of IgA and IgM 
with a specificity for the antigen, but at the same time, 
no evidence of circulating antibody. Local immunity is 
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important in human cholera (33). There is some evidence that 
circulating antibody does not play an important role in pro­
tecting fowls against intestinal microorganisms (40). On the 
other hand, circulating antibody helps protect mice from 
encephalomyocarditis virus, an intestinal virus which has a 
significant systemic phase (6l). This would suggest that the 
systemic circulation is not exposed to significant amounts of 
transmissible enteritis virus antigen. 
The filtration experiments reported are a little diffi­
cult to interpret. The Gelman filters were demonstrably more 
porous than similarly rated Millipore filters. The Gelman 
filters were not totally defective, since they provided 
appreciable resistance to filtration. In one trial, a 100 nm 
Gelman filter removed an avian reovirus (WB-1), although this 
same virus was shown to pass a 100 nm filter by Pujisaki 
ejb a^. (39). Although the removal was probably due to 
adsorption of virus, it nevertheless indicates that the 100 
nm Gelman filter was effective to some degree. Millipore 
filters have been well studied and are widely accepted as 
standards in biological research. It would be logical to 
assume that Gelman filters have an average pore size which 
is slightly larger than their rated size. 
Since the transmissible enteritis agent behaved 
similarly to infectious bronchitis virus with both the 
100 nm a.p.d. Millipore and 100 nm a.p.d. Gelman filters. 
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it is possible the two agents are approximately the same size. 
Hofstad (48) in a review, quotes the size of infectious 
bronchitis virus as 80-120 nm. 
It is impossible to accurately size a virus by filtra­
tion. Black (7) has suggested that a conversion figure of 
0.64 is most applicable in determining the size of a virus 
from the average pore diameter of the smallest filter it 
will pass, but the factor varies widely with different 
viruses. 0.64 x 220 nm would give a size of l40 nm, a figure 
which is larger than that quoted for infectious bronchitis 
virus. 
Deshmukh e^ a^. (21) state that they were able to pass 
the transmissible enteritis agent through a 100 nm filter, 
and later stated^ that the filter used was Millipore brand. 
In the same paper, however, they reported passing a 
reovirus through a 50 nm a.p.d. filter, so it is possible 
that their procedures may have been a little too vigorous. 
On the other hand, they may have been using higher titered 
transmissible enteritis material to begin with, and their 
results may be valid. 
Taken altogether, the evidence suggests the agent easily 
passes a 220 nm filter, but that a 100 nm filter is just on 
^Deshmukh, D. R. University of Minnesota, St. Paul, 
Minnesota. Filtration of the transmissible enteritis 
agent. Personal communication. 1970. 
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the verge of being impossible for it to pass. It would 
appear most likely that the particles have a size between 
80 and l40 nm. 
The sensitivity to chloroform indicates that the agent 
has an outer coat which contains lipid material soluble in 
chloroform. There is good correlation between chloroform 
sensitivity and ether sensitivity (32) . Because of the 
natural lability of the agent, it was believed that the rapid 
chloroform sensitivity test would be more meaningful than 
the standard ether sensitivity test proposed by Andrewes and 
Horstmann (4). 
Trifluorotrichloroethane is generally less damaging to 
microorganisms than other lipid solvents. It did slightly 
inactivate the transmissible enteritis agent. Both bacteria 
and enveloped viruses have lipid in their outer coat. 
The Minnesota strain of transmissible enteritis was 
relatively more heat stable than the Iowa strain (49), but 
it would still not be classified as heat stable, since it 
was inactivated in less than an hour at 50°C. The lability 
of the agent would confirm field evidence that the infected 
birds are the main reservoir of infection, since the agent 
cannot persist in the environment for any length of time. 
The sensitivity of the agent to heat, chloroform, and 
pH 3, indicates that the agent cannot be placed in certain 
viral categories such as enteroviruses or reoviruses, which 
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are resistant to these factors. The cationic stabilization 
experiment is further evidence that the agent is not a 
reovirus. When mammalian or avian reoviruses are heated in 
the presence of divalent cations, their infective titer is 
increased, or at least is maintained constant (22, 57). It 
was shown that molar concentration of Mg"^ ions decreased 
the stability of the transmissible enteritis agent to heat. 
Reoviruses have been isolated from poults suffering 
from transmissible enteritis in Minnesota (21), Wisconsin 
(39), a.nd Georgia (112). The results above, however, indicate 
that the agent of transmissible enteritis is not a reovirus. 
All workers agree that reoviruses may occur as secondary 
viruses in some transmissible enteritis outbreaks. 
It has been suggested that reoviruses, or other 
secondary viruses, are more common in birds infected with 
transmissible enteritis (21), and it is believed that they 
may contribute to the clinical signs. 
It would be unusual if this were the case. Although a 
primary viral infection may potentiate a secondary bacterial 
disease (l6, 8l, 82), it is uncommon for a virus to 
potentiate growth of another virus in that organ, in field 
outbreaks of disease. Viruses are frequently isolated 
from the intestinal tract of young animals and birds (15), 
but not old animals (57), so a high incidence of other 
viruses in young poults suffering from transmissible 
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enteritis could be expected. 
The results of che antibiotic trials were confusing, and 
impeded progress for some time. Early trials, in which crude 
intestinal material was mixed with the antibiotics, indicated 
that streptomycin, neomycin, and o:.ytetracycline decreased 
the activity of the agent. Later trials, using the intestine 
of turkey embryos as both source of inoculum and test system, 
failed to show any effect from a wide variety of antibiotics, 
including those mentioned above. In these trials, the anti­
biotic solution and the infective inoculum were injected 
separately into the embryo. 
It is not likely that the agent became resistant to 
antibiotics in the period between the two experiments, 
because the poults were always maintained on antibiotic free 
feed, and the stock of agent was not exposed to antibiotics 
at any stage. 
Both neomycin and streptomycin are highly charged 
molecules (lO) which have been used for precipitating 
viruses (97) and lipids (101) from suspensions. The con­
centration used in virus precipitation experiments by Slavik 
(97) was 15 mg/ml, which is only three times as much as 
used in the poult infectivity trials. Furthermore, both 
streptomycin and neomycin have been observed to have 
physical interaction with a bacteriophage (11). Thus it 
is possible that the antibiotics were having a direct 
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physical effect on the arent. The work with avian embryos 
avoided this difficulty, because the infective inoculum 
was not mixed with the antibiotic. The most logical con­
clusion is that the agent of transmissible enteritis is 
resistant to antibiotics. 
This suggestion is strengthened by the failure to 
observe any agent in stained smears of intestine or yolk sac 
from embryos infected with the transmissible enteritis agent. 
Most bacteria may be stained by the Giemsa method. Special 
stains for rickettsia and chlamydia were also used, but 
failed to reveal any organism. It is probable that, had 
these microorganisms been present, they would have been 
detected. 
Other workers have experienced difficulty in visualizing 
mycoplasmas growing In avian embryos (58, 65). Mbrcoplasma 
pneumoniae was observed in chicken embryos only after great 
difficulty. It first had to be localized by fluorescent 
antibody studies, and later a method of staining frozen 
sections with Giemsa, using a potassium permanganate mordant, 
was developed by Marmion and Goodburn (65). This technique 
was used on embryos Infected with transmissible enteritis, 
with negative results. 
It is still possible that the agent of transmissible 
enteritis is a mycoplasma which is resistant to antibiotics. 
However, many other workers have observed mycoplasmas 
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growing in chicken embryos. The titer of transmissible 
enteritis agent in the yolk of turkey embryos was 10?, and one 
would expect that any bacterial agent present in that concen­
tration should be reasonably simple to demonstrate on smear. 
To summarize the evidence presented above, the agent of 
transmissible enteritis is resistant to commonly used anti­
biotics, is filtrable through a 220 nm filter, is difficult 
or impossible to cultivate on artificial media, and is diffi­
cult or impossible to visualize with the light microscope. 
The most logical conclusion at this stage of our knowledge is 
that the agent is likely to be a virus. 
Several workers have shown that various viruses may be 
isolated from the intestinal contents of a high proportion of 
young animals in any species (22). Accordingly, one may 
expect to find viruses in the intestinal cells during any 
thorough electron microscopic survey. Because electron micro­
scope techniques utilize such a small sample of intestinal 
cells, however, it was quite uncommon to observe a virus-
infected cell in control birds. The only one discovered in 
transmissible enteritis work, apart from those described above, 
was a cell which contained an intranuclear crystalloid inclu­
sion typical of an adenovirus. 
It is unwarranted to postulate an etiological role for 
any virus observed in the intestinal cells of birds infected 
with transmissible enteritis, without any further knowledge. 
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On the other hand, it would be wise to investigate the virus 
thoroughly. In at least one other enteric disease, 
epidemic diarrhea of infant mice, the presumed viral etiology 
of the disease has been established upon thin section 
electron microscopic studies. 
The agent observed in thin sections in this study would 
fullfil the characteristics lcnov;n for the transmissible 
enteritis agent. It was enveloped, and of approximately 
the same size as that postulated for the transmissible 
enteristic agent. It was seen in infected birds and 
embryos, but not in controls. 
The virus was observed to form by budding in the 
cytoplasm, and in no cell was the nucleus involved. This 
would suggest that it may contain ribonucleic acid. Many 
enveloped cytoplasmic viruses are known, and not all can 
be classified into recognized groups. Nazerian and 
Cunningham (74), in discussing the classification of 
infectious bronchitis virus by thin section microscopy, 
pointed out that it did not resemble the myxovirus or 
paramyxovirus groups, in that it budded into cellular 
vesicles, rather than from the cell surface. On the other 
hand, negatively stained preparations from infected embryos 
allowed demonstration of a distinct internal component and 
tubular surface spikes, neither of which are seen in 
coronaviruses such as infectious bronchitis virus. The 
Ill  
morphological features observed are not completely typical 
of any virus group 3o far recognized. Another recently 
described viral group, the arenoviruses, also has a dis­
tinctive morphology on thin section electron microscopy 
(18). The agent observed would not fall in this group 
either. Thus, it cannot be classified, in our present state 
of knowledge. 
Staining of frozen sections of infected embryonic 
intestine with acrldine orange failed to reveal any cells 
with nucleic acid inclusions, although some cells seemed to 
contain more red fluorescing material than normal. Inclusion 
bodies in the intestine of turkeys with transmissible 
enteritis have not been seen by any of the people who have 
worked on the disease. Furthermore, the titer of the agent 
in the yolk was at least 100 times greater than that in the 
washed yolk sac (Table 24). It would appear from these 
observations that, if the agent is a virus, it is not cell 
associated, but is rapidly released from cells. 
The ability to grow the agent in avian embryos provides 
a means for isolating the agent from all the other enteric 
flora and fauna. The presence of lesions in infected 
embryos is probably more specific as a diagnostic tool, 
than the previous method of poult inoculation, since many 
agents can cause a loss of weight in turkey poults. 
Usually chicken embryos become less susceptible to 
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infectious agents as they mature. This is partly due to an 
inherent resistance of cells from older embryos, and partly 
from the acquisition of the ability to produce interferon 
(68j 69). The reason that the transmissible enteritis agent 
grov;2 only in older embryos is obscure. Chicken embryos 
start to sv.'allov; amniotic fluid earlier than 13 days of 
incubation (6), so the agent is able to reach the intestinal 
tract by this time. Some other factors must be involved in 
the failure of the agent to grow in embryos younger than i6 
days. Possibly intestinal cells have to mature sufficiently 
to develop special chemical complexes, such as receptor sites, 
that the agent needs during its multiplication cycle. 
Another possibility is that the increasing mass of the 
embryo, coupled with the constant area for oxygen absorption, 
leads to a steadily more and more anoxic situation within 
the intestine of the embryo. At i6 days of incubation, a 
threshold is reached, at which the transmissible enteritis 
agent can survive. The importance of a lowered redox 
potential in the survival of the agent has been demonstrated 
in this study. The intestine of a newly hatched poult must 
have a relatively low redox potential, since relatively 
anaerobic bacteria can establish themselves in the other­
wise germ free intestine. It would be logical for such 
anaerobic conditions to develop over a period before 
hatching. Strict anaerobes, however, do not colonize the 
113 
intestine until more oxygen tolerant bacteria have become 
established (62), suggesting that at birth the intestine 
has only a moderately low redox potential. Thus, the 
mechanism allowing transmissible enteritis growth still 
remains to be elucidated. 
The transmissible enteritis agent grew in turkey 
embryos, but it appeared to grow less well in succeeding 
passages. Although the titer declined in later passages, 
there was no appreciable reduction in virulence. Thus 
embryo passage does not seem to hold hope for attenuation for 
vaccine development. The titer appeared to be maintained at 
more constant levels in chicken embryos than in turkey embryos. 
It will be noticed from Table 9 that undiluted agent 
caused less severe effects on turkeys than agent diluted 
l/lOO. This phenomenon has been noted many times in almost 
every such experiment, and has also been remarked upon by 
other investigators^. Such an occurrence would suggest 
there is a low titer of an interfering substance in intestinal 
contents. 
An analogy may be drawn between transmissible enteritis 
in turkeys and molluscum contagiosm in man, in that in 
neither disease can the agent be grown ^  vitro more than 
^Larsen, C. T. University of Minnesota, St. Paul, 
Minnesota. Effect of inoculum dilution on severity of 
transmissible enteritis agent infection. Personal communica­
tion. 1968. 
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a fev; passages aviay from the natural host. In the case of 
molluocum contaglosum, Friedman-Keln and Vilcek (38) have 
shown that high titers of Interferon are produced In cell 
cultures by the virus, which is presumably susceptible to 
interferon. The possibility of auto-interference, due to 
incomplete particles, as has been described for some 
myxoviruses and for vesicular stomatitis virus (52), has 
not been ruled out. Either type of Interference could be 
operative in the case of transmissible enteritis. Such an 
interference phenomenon would also explain the difficulty 
in passaging the agent of transmissible enteritis in cell 
culture, since the agent shows prolonged survival in the 
first passage in cell cultures. 
The work reported here, and that by Deshmukh et al. (21), 
indicates that the agent of transmissible enteritis does 
not produce an observable cytopathic effect in turkey embryo 
kidney cell monolayers, at least in the initial passage. 
There is no evidence that multiplication of the agent 
occurred while in contact with the kidney cell monolayer. 
However, it has been shown earlier that the agent is not 
stable at 37°C for more than a few hours, while inoculated 
cell cultures maintained infectivity for at least three 
days. The most probable explanation of this is that some 
multiplication was occurring to the cell culture. 
Difficulty was experienced taking the agent through a 
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second passage In cell cnlture. It did appear that infectlvity 
vjas maintained through three passages in the presence oi* a 
streptococcus J but this experiment was not repeated. When 
attempts were made to pass the agent in cell culture in the 
absence of other microorganisms, results were negative. 
It is possible that the inapparent infection of cell 
cultures with a streptococcus altered the environmental con­
ditions of pK, redox potential, etc., in the medium, and 
enhanced survival of the transmissible enteritis agent in 
this manner. Alternatively, low grade bacterial infections 
of cell cultures by mycoplasmas have been shown to prevent 
the action of interferon (96) and thus allow Increased viral 
growth (72). It has been suggested that interferon may be 
a limiting factor in growth of the transmissible enteritis 
agent in cell cultures. 
Attempts were also made to grow the agent in organ 
cultures of embryonic turkey intestine. The intestine is a 
notoriously difficult organ to maintain in vitro (13, 86, 
100) probably because of its naturally high cell turnover. 
Many different systems have been examined, in the hope of 
prolonging the survival of the organ ^  vitro. Most 
investigators have used small segments of embryonic lower 
intestine, cultivated by the method of Hoorn (50). 
Stenhouse (100), using this method, reported that the 
intestine commenced to degenerate within 24 hours of the 
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initiation of culture, and continued over the next 10 days. 
The villi flattened out, and the normal epithelium was 
replaced by a thin flat layer of cells. Changes were such 
that viral infection could not be recognized histologically. 
Several different viruses have been grown in intestinal 
organ cultures, including polio virusj Sendai virus, 
encephalomyocarditis virus (86), E.C.H.O. viruses (100), 
rubella virus (67), and transmissible gastroenteritis virus 
of swine (87). In general, however, yields of virus have 
been most poor. As an example, transmissible gastroenteritis 
virus of swine reached a maximal titer of 282 p.f.u./ml in 
organ culture, as judged by plaques in cell culture. How­
ever, the system does have a potential for isolation of 
previously unisolated viruses, one of which has been recovered 
from a case of human diarrhea (23). Most virological work 
with intestinal organ cultures has been published within the 
past 12 months, and an increase in this type of work might 
be expected in the future. 
The survival of the transmissible enteritis agent in 
Hoorn-type cultures only in the presence of a bacterium 
suggests a situation analogous to that in cell cultures. 
It was possible to lower the pH and redox potential of the 
medium, in which case, the agent was able to survive without 
the presence of a bacterium. Since passage attempts were 
unsuccessful, it was not possible to prove that the agent 
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vjas multiplying in the organ cultures. 
It v.'ould appear from the evidence obtained in this study, 
together with material presented in the literature review, 
that a bluecomb syndrome in turkeys may be caused by several 
different agents including Hexamita meleagridls, vibrio, 
reovirus, and the agent of transmissible enteritis. This 
latter agent appears to be an enveloped virus which bears 
some morphologic similarity to the myxoviruses. This virus 
can be. cultivated in turkey or chicken embryos, but not in 
cell or organ culture, as yet. 
Further studies are indicated to better characterize 
the transmissible enteritis virus, particularly with regard 
to its morphology, nucleic acid composition, and serological 
relationship to other viruses. It would be most valuable if 
the virus could be adapted to grow in cell monolayers. Field 
studies on the relative importance of the various agents 
involved in the bluecomb syndrome should also be undertaken. 
118 
SUMMARY 
It vjas Impossible to demonstrate vibrio bacteria in 
gnotobiotic poults or avian embryos infected with the trans­
missible enteritis agent, either by culture, or by direct 
smear and staining vjith Giemsa, acridine orange, or methyl 
green-pyronin stains. 
The agent of transmissible enteritis was labile to 
chloroform, and vjas labile at pH 3, but not at pH 5. The 
Minnesota strain v;as labile to heat at 50°C for 45-60 
minutes, and was less stable in the presence of MgClg. The 
Iowa and Minnesota strains of transmissible enteritis agent 
were Immunologically cross protective. The agent of 
transmissible enteritis is more stable ^  vitro in a growing 
culture of Streptococcus fecalis. Alternatively, stabiliza­
tion may be achieved by the presence of a reducing agent, 
such as cysteine, and a pH of 5-5 to 6.0. 
The following factors suggest the agent of transmissible 
enteritis may be a virus ; 
1) Growth of the agent is not affected by the presence 
of chlortetracycline, oxytetracycline, streptomycin, 
neomycin, penicillin or tylosin. 
2) The agent passed a 220 nm filter. 
3) The agent could not be cultivated on bacteriological 
media. 
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4) Thin section electron microscopy of the intestinal 
epithelium of Infected poults and embryos revealed enveloped 
viral-type particles, measuring between 50 and 120 nm in 
diameter. These budded into vacuoles in the cytoplasm. 
Negatively stained particles had tubular surface projections 
and a demonstrable internal component. 
The agent of transmissible enteritis may be grown in 
embryonating eggs of both chickens and turkeys, provided 
that the embryos are older than l6 days, and are inoculated 
5 
via the amniotic sac. The agent reached a titer of 10"^ 
turkey-infective-doses/ml in the intestine of turkey embryos, 
10^ in pooled embryonic liver, kidney and spleen, 10^ in the 
yolk and less than 10^ in the washed yolk sac. In chicken 
o 2 
embryos, the agent reached a titer of 10-^ in the yolk, 10 
in the intestine, and 10^ in the pooled visceral organs. 
Maximum titer was reached within 24 hours of inoculation, 
and remained constant until the time of hatching. 
The agent was taken through 23 passages in chicken 
embryos, and in another trial, through 11 passages in turkey 
embryos. However, the agent decreased in titer with continued 
passage and eventually died out. Infected embryos did not 
die or have any gross morphological changes. Histological 
lesions were detected in the intestine of infected turkey 
embryos. These included an increase in goblet cells and 
degeneration of the intestinal epithelial cells. The agent 
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of transmissible enteritis may be maintained for several days 
in the presence of turkey kidney cell monolayers or Intestinal 
organ cultures, with no detectable effect on the cells. It 
v.'as not possible to make a second passage of the agent 
vitro. 
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